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SECTION I

ADAPTION OF THE SAP IV] COMPUTER CODE

'TO THE AIRCRAFT SHELTER ANALYSIS PROGRAM

INTRODUCTION
1. GENERAL BACKGROUND

The United States Air Force must continually develop and improve
shelters and shelter systems for the protection of aircraft. These
protective facilities must function satisfactorily under a number of
external environments, the worst of which is weapon-induced structural
loading. Efficient design and evaluation of protective shelters for a
variety of static and dynamic loads necessitates use of advanced com-
puter techniques. Such computer analyses must be capable of determining
the linear response of structures with geometrical configurations typical
of aircraft shelter components.

2. OBJECTIVE AND SCOPE OF STUDY

This study was to select an existing computer code based upon the
finite element method of structural analysis and to revise this code to
enable the Air Force to effectively analyze shelter development. The
ability of the code to predict the linear response of shell and folded
plate structures subjected to arbitrary static and dynamic loading
conditions was of primary importance.

The scope of this effort as outlined in the technical directive was
limited to the modification of an existing computer program to obtain a
code with the following characteristics:

Elements to be included in the finite element approach:

a. A plate finite element.

b. A shallow or semi-thick shell finite element.

c. Beam-columns and plate or shell stiffeners.

1. Bathe, K. J.; Wilson, E. D.; Peterson, F. E., SAP IV - A STRUCTURAL

ANALYSIS PROGRAM FOR STATIC AND DYNAMIC RESPONSE OF LINEAR SYSTEMS,

TR PRI
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Earthquake Engineering Research Center, Report No. EERC-73-T11, June
1973, Revised April 1974, College of Engineering, Berkeley, California.
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Materials to be modeled (treated as linearly elastic):

a. Reinforced concrete (cracked or uncracked).

5 b. Plain concrete.

L c. Structural steel (including cold rolled corrugated steel).
The nodal boundary restraint options:

a. Axial.

b. Lateral.

c. Moment resisting.

d. Variable torsional stiffness (i.e., end wall simulation).
E Typical input parameters (free format preferred):

F a. Geometrical shape.

b. Material properties.

c. Static loading conditions.
d. Dynamic Toad versus histories.

e. Output control indicators.

Output data:

a. Displacements.

b. Reactions at boundaries. 4
c. Stress/strain. ;
d. Principal stress/strain. ?
e. Displacement/stress versus time histories.

A plot capability of input and output data was required. ﬂ

Although some portions of the code were rewritten, the purpose was
not to develop a completely new algorithm or program, or to test physical
models. The effort was limited to analytical modeling.




The approach to the modification of the code was as follows:

a. A hierarchy of problems to be sequentially addressed and solved
by the computer code while the final code was being developed was formu-
lated and submitted for approval.

b. Concurrently, existing codes were reviewed and a code was selected
based on technical requirements of this project.

c. The selected code was modified as necessary and the selected
problems were solved by using the revised code.

This report describes the formulation of the program and validation
of the analytical technique.
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SECTION II
SELECTION AND USE OF A COMPUTER CODE

1. SELECTION OF A COMPUTER CODE

Several computer codes incorporating many of the features required
for this project were considered. Codes such as ANSYS and MARC were
quickly eliminated because they contained the ability to handle nonlinear
material and geometric relations which was not required. In addition,
these codes have proprietary restrictions which render them unavailable
for scrutiny and modifications. The proprietary restraint also applies
to STARDYNE, which otherwise would have been an excellent possibility.
Other codes were rejected because of insufficient documentation or lack
of verification.

Two codes, NASTRAN2 and SAP IV, were reviewed in some detail. It
was recommended that SAP IV be adopted as the basic source code for the
following reasons:

a. The code contained a large number of features which fulfilled
technical requirements of the project.

b. The code had been used for a sufficient period of time to detect
and correct the major errors. On the other hand, the code does contain
some of the latest advances in finite element theory and time integration
schemes.

c. The code is documented, open, and available for modifications.

d. NASTRAN also contains many of the same capabilities as SAP IV,
but it permits nonlinear analyses. This latter feature greatly adds to
the complexity of the code, making it more difficult to modify. Also,
the generalized nature of NASTRAN results in the need for more computer
time and storage than that required for the same problem run with the
use of SAP IV,

2. THE USE OF SAP IV
A version of SAP IV prepared by Wright Patterson AFB was obtained

and installed, and initial problems were run with verv little diffi-
culty. Other than the usual problems associated with interpreting

2. NASA SP-223,THE NASTRAN PROGRAMMER'S MANUAL, Douglas, F., Editor,
National Aeronautics and Space Administration, Washington, D. C. 1970.
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statements in a user's manual, no difficulties were encountered. The
code performed efficiently and the results compared quite favorably with
classical results for certain specific test problems. Furthermore, on
the basis of numerical experimentation, it was found that the modal
solution technique for dynamic problems appeared to be much more effi-
cient than the direct integration method.

A set of illustrative problems was chosen to exercise the various
features of SAP IV that were of primary interest in this study. In
particular, the static and dynamic integration routines were to be used
on problems utilizing beam, plate, and thick shell elements only. The
complexity of these problems ranged from simple beams and plates to
structures such as aircraft shelters and doors. The description of the
problems, together with selected results, is given in a later section.

When SAP IV was chosen, it was clear that certain modifications and
additions would be necessary to meet the technical requirements of this
project. Additional items became apparent with the effort associated
with obtaining solutions to the set of illustrative problems. The tasks
that had to be addressed consisted of the following:

a. Since SAP IV is based entirely on linear theory, a systematic
approach for analyzing reinforced or plain concrete members was not con-
tained in the SAP IV User's Manual. A procedure for computing equivalent
properties for concrete beams, plates, or shells was required.

b. The input format for SAPIV is very rigid with such anomalies as
blank cards from time to time to denote zero values, the end of a section
of input data, and problem termination. For the beginning user, such
rules can be very time consuming. Consequently, the need for a free
format input program was quite evident.

c. SAP IV did not contain a subroutine for computing principal
stresses and strains. This subroutine is a desirable feature for deter-
mining the possibility of failure.

d. SAP IV did not contain a mesh plot routine, making the verifica-
tion of input geometrical data extremely difficult. Frequently, for
very large problems, the only method is to use engineering judgment on
the nature of the results to a specific loading function. For dynamic
problems this is a very risky approach. Thus, the addition of the
capability for plotting mesh points was assigned a very high priority.

e. The output of SAP IV consists entirely of numerical values and
plots constructed on the printer. For dynamic problems, such data can
be overwhelming and difficult to interpret. The need for a time history
plotting package then became evident.

4 A Jron
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f. The use of the SAP IV modal solution technique for dynamic
problems frequently resulted in the diagnosis that the storage limit
was exceeded. Apparent reason for this is that the generalized force
vector is computed for all time steps before the modal equations are
integrated. Consequently, any limitation on computer memory allocation
also limits the number of time steps, or the duration of time for which
a solution can be obtained.

g. It was discovered that a limited number of generalized displace-
ments could be requested in output. This appears to be a flaw within
SAP IV and should not be a major one since there is no similar limita-
tion on generalized stresses. <

Some of these limitations were expected; others were not and signi-
ficant effort was required to verify that these problems were associated
with the code and not the input data. Because of the limited time
available to complete the project, the highest priority was placed on
items a, b, d, and e with the other items to be considered only if time
became available. The results of this part of the project are presented
in the next section.




SECTION III
ADDITIONS TO THE PROGRAM

1. EQUIVALENT STIFFNESS PARAMETERS FOR CONCRETE SECTIONS

Many aircraft shelters and other structures of interest to the Air
Force are made of concrete or reinforced concrete. Since such structural
members are designed to crack under highly probable loading conditions,
an analysis must reflect this nonlinear behavior in some fashion. If a
code (such as SAP IV) based on linear theory is to be used, properties
g for these structural members must be chosen so that the actual nonlinear
: behavior is approximated or averaged in some sense. |

‘F"V";, ’

If a procedure can be established for beams, then the extension to |
plates and thick shells is relatively straightforward. The procedure f
used for obtaining an equivalent bending stiffness of a beam can be
applied directly to orthotropic plates by using the beam formulas in
each of the principal material directions. There is a factor 1-v%(v is
Poisson's ratio) that is not present in beam theory. However, in light
of the assumptions made in arriving at an equivalent linear stiffness,
the incorporation of such a term is not difficult. i

e,

The use of the thick or thin shell element in SAP IV introduces
additional complications in that actual elastic constants rather than
bending stiffnesses must be satisfied. Because bending is the dominant

| mode of deformation for most engineering structures, it is imperative
! that the resultant bending stiffness correspond closely to that of the
actual structural element. A convenient way of achieving this corres-
pondence is to choose the appropriate elastic constants for concrete
and then select values for the thickness and mass density so that the g
resultant bending stiffness and mass per unit shell reference area are
equal to the experimentally or analytically determined values for that
particular section. If a different bending stiffness exists in the
direction normal to that already modeled, the selection of appropriate
orthotropic elastic material properties in the element can be used to
approximate the different stiffness.

The basis for equivalent plate and thick shell element properties
is contained in the assumptions used for beams. Thus, the remainder of
this subsection is devoted to beams with several illustrative examples.
Extensions to plates and thick shells are considered to be rather straight-
forward and are only included in the sample problems.

When reinforced concrete members deform under the action of some load,
cracking of the concrete occurs on the tensile side of the member. This
highly nonlinear behavior must be approximated with an appropriate linear
property if a linear elastic analysis is to be used with any degree of
accuracy.

7
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Unsymmetrical sections introduce another complicating factor in
that the cracked stiffness for both directions of bending may be dif-
ferent. As a reasonable approximation for problems in which any one
section may experience both positive and negative bending moments, it is
proposed that an additional averaging procedure be used. First, obtain
the average stiffnesses of the cracked and uncracked sections for bend-
ing in both directions. Then use the average of these two stiffnesses
i to obtain a resultant linear equivalent stiffness to be used in a
dynamic analysis.

The approximate formula suggested by Biggs3 for the average bending
stiffness of rectangular sections is

Ecbd3 ]
ECIB & =3 (5.50S +0.083) ?
in which
Ec = Young's modulus for concrete,
IB = average second area moment,
b = width of the member,
d = effective depth of the member, and
g By steel ratio.
{

Since it is not clear just what assumptions were used in deriving
this equation, it is proposed that first principles be used in obtaining
average stiffness parameters. The following examples illustrate the
procedure, and Biggs' formula is used for comparison.

Example 1. Symmetric Section.

Consider a rectangular beam (Figure 1) with the same reinforcing
top and bottom so that the average stiffness is the same for both posi-
Zive and negative bending.

3. Biggs, J. M., Introduction to Structural Dynamics, McGraw Hill Book
Co., New York, N. Y., 1964.
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14 in

Figure 1. Symmetric Rectangular Section

b

Area of steel, top and bottom, A: S = 0.75 in? with distances

* dP = d" = 12 in. The steel ratio is, by definition,
AL+nD

* T8 1n5(12 in) = 0.0156

Young's modulus for concrete is given by
- ]'5 -
= (w) 33/$c

in which w is the weight density in 1b/ft® and f‘ is the concrete strength ;
in psi. For 4000 psi concrete

€, = (145)1+%(33)/4000 = 3.64 x 10 psi




The ratio of steel to concrete Young's moduli is

6 .
et Es/E 2 x 10" pst _ 8.0

c  3.64 x 10° psi

Thus the steel area is transformed to an effective concrete area 8 times
as large. For the uncracked section (Figure 2) the moment of inertia
becomes

8 in nAS = 6.00 in?

nAS = 6.00 in?
Figure 2. Transformed Uncracked Section
Iya = 1% bh*2nA (5 inf = -]% (8)(14+2(6 in)(25 in*) = 2129 in* ]

For the cracked section (Figure 3), the location of_the neutral
axis must be determined first. Let the neutral axis be y from the upper
surface.
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Figure 3. Transformed Cracked Section
The total equivalent concrete area is
A =8y + 12

Then first moments about the top surface yield

iR =(-2%:-(8 in)+(6 in?)(2 in)+(6 in2)(12 in)

and the solution is

y = 3.32 in

Now, the second area moment about the neutral axis for the cracked
section is
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A

1§ = (1/3)8 in (3.32 in)%+6 in?(3.32 in -2 1'n)2
+6 in® (12 in-3.32)% = 560 in"

The average second area moment of the cracked and the uncracked section is

_ 2129 ip*+560 in* _ sy
Ia = > = 1345 in

The value obtained from Biggs is

3 A s 13
1, = l-’-g—-(s.s;as +0.083) = {8 ‘@%(‘2 in)® (5.5(0.0156)+0.083} = 1168 in*
For the purpose of comparison

I
2 = 1.15
B
Example 2. Unsymmetric Reinforcing

Consider a rectangular beam with different reinforcing at the top
and bottom.

In Figure 1, let

| s 2
As = 0.5 in
b o
AS = 1.25 in
dt = d® = 12 in

The steel ratio for the cross section is

pg = 0.5)+(1.25) _ 0.0182
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The transformed uncracked section is illustrated in Figure 4,

P in?
——————— nAg = 4.00 in

N.A.

l1dal L BB

nAs = 10.00 in?

inH

2

y-

Figure 4. Transforﬁed Uncracked Section

RIEEREE <

Total equivalent concrete area
A = (8)(14)+4.0+10.0 = 126 in?
The distance from the bottom face to the neutral axis is y where

A = (112)(7)+(8.0)(12)+(10)(2) = 852 in®
¥ =6.76 in

The second area moment about the neutral axis is

I# A = T%{B)(14)3+(8)(14)(7-6.76)2+4.00(12-6.76)2+10(4.76)2= 2172 in"




The transformed cracked section for positive bending is shown in Figure 5.

= in2
nAs 4.0 in

| ey

Iﬁ,A - %(8)(4-17)’ +4(4.17-2)2+10(12-4.17)% = 825 in*
14

= =
o & o
} '(:l_ 1>
: 3 in2
'nAs = 10.0 in
Figure 5. Transformed Cracked Section for Positive Bending
F’ The total equivalent concrete area is
i-
A= (8)(7)+(4)+(10) = (8§+14) in?
i The location of the neutral axis with reference to the top face is ob-
i tained from
A = % (89) + (2)(4) + (12)(10) = 4y%+ 128
; or
g 4y* +14y-128 = 0
1
E y = 4.17 in
F
} and
E




The average value for the second area moment for positive bending becomes

The transformed cracked section for negative bending is shown in
Figure 6. -

nA_ = 4.0 in®

1 P

ﬂ}tﬁ 6 == ]

nAg= 10.0 in* -2 in

12 in-y
12 in

2 in

Figure 6. Transformed Cracked Section for Negative Bending

The total equivalent concrete area is
A = 8y+(4)+10 = (8y+14) in?

With reference to the bottom face, the location of the neutral axis is :
given by i

JA = L (87)+(2) (10)+(12)(4) = 472+68
or
4y2+14y-68 = 0
y =2.73 in
and f
Iﬁ,A. - % (8)(2.73)*+10(2.73-2)2+4(12-2.73) >= 403 in"

15




The average value for the second area moment for negative bending is
N = Lao3+2172) = 1288 in"
a2 g Lot
The average value for both positive and negative bending is then
I 2oy
Ia = 2(1a+1a) = 1394 in

Biggs' formula yields
3 3
1, = 242560 +0.083 - (8)(12)15.5(0.0182)+0.083} = 1266 in"

B 2

and

I
= = 1,10
B

Example 3. Unsymmetrical Cross-section with Reinforcing

The following cross-section (Figure 7) has been sugaested as a
suitable model for a section of corrugated material from an aircraft

shelter.

8 in 1% in
F— —- i
¥ ] Y o N
= A 3 < d
- s = 0.15 in? X 3
8 ol 7k s
ey ® 0 o >
—- = ) A = 0.15 in? &
& A = 0.15 in?
ﬁ Y ‘D @ O !

5 in
g s

Figure 7. Unsymmetrical Cross-section
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With £ = 5000

it follows that
4,07 x 10®psi
Es/Ec = 29/4.07=7.13

m
"

S
"

The transformed uncracked section is shown in Figure 8. The equivalent
concrete area is

nA, = 0.36 in2 1.25 in

I} ez 7‘1223-—¥-————— i3 in
N.A.

= Sl
I nAS = 1.07 in

nAS = 1.07 in?

9.625 1in
8.25 in

Figure 8. Transformed Uncracked Section
A = (6)(8)+(5)(4.5)+(2)(1.07)+0.36 = 73.0 in’

and taking moments about the top face, the location of the neutral axis
is given by
yR = (0.36)(1.25)+(48) (3)+(1.07)(5.75)+(22.5)(8.25)+(1.07)(9.625) = 346.5 in°

y = 4.75 in

The second area moment is

778(6)2 +48(8.75-3)2 +71(5) (4.5)* +(22.5) (2.25+1.25 )
+(0.36)(3.5)2+(1.07)(5.75-8.75 2 +(1.07)(5.75-0.875 )2
636 in*

17
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Under positive bending, the transformed section is shown in Figure
9. The equivalent concrete area is

1.25 in

: - 2 §
/A, = 0.36 in l
= 2
f nAs 1.07 in
3 = 2 2
ans 1.07 in

Figure 9. Transformed Cracked Section for Positive Bending

N.A,

5.75 in

<i —gd e

9.625 in

A = 8y+0.36+1.07+1.07 = (8y+2.50) in?

and taking moments about the top face the neutral axis is obtained from

JA = (87X)+(0.36)(1.25)+(1.07)(5.75)+(1.07)(9.625) = 47°+16.9
or
4y* +2.50¥-16.9 = 0
and

y = 1.77 in




The second area moment is

I,.c,_A. = :1;(8)(1.77)3 +(0.36)(1.77-1.25)*+(1.97)(5.75-1.77)°

+(1.07)(9.625-1.77)* = 98 in*

The average value for positive bending is
P _ 2 Ll
Ia = 3(636+98) = 367 in

The transformed cracked section for negative bending is shown in
Figure 10.

Figure 10. Transformed Cracked Section for Negative Bending

The equivalent concrete area is

A = (5y+2.50) in®
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and the location of the neutral axis is obtained by taking moments about
the bottom face
9& = 59(%)+(1.07)(0.875)+(1.07)(4.75)+(0.36)(9.25) = 2.5y%+9.35
or
2.5y2+2.50y-9.35 = 0
and
y = 1.50 in
The second area moment is

IS 4 = 3(5)(1.50)%+(1.07)(1.50-0.875)2+(1.07)(4.75-1.50)>

+(0.36)(9.25-1.50)%= 39 in"
The average value for negative bending is

IN = 3(636+39) = 337 in"

For both positive and negative bending, the recommended value is
1. = 5(1P+1N) = 352 in
a aa

Biggs does not suggest a procedure for a section as complicated as
this one. However, his approach could be adapted as follows: The steel
cross section area is A = 0.05+0.15+0.15 = 0.35 in%. For positive
bending use b=8 in and 8=9.625 in. Then

p.bd _ (a(9:625)° 0.35 & ‘
1f = 25~ {5.50  +0.083} = (8)12:252l(5. 575375°4y+0.083} = 385 in

For negative bending use b =5 in and d = 9.25 in
Then
3
1 = ({5250 (5,510 v0. 083} = 247 1n*
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The average of the two values is

I = %(385+247) = 316 in"

and
1
Ii= 1.1
B

‘For the three beam sections presented, the beam stiffnesses calculated
by averaging four stiffnesses (cracked and uncracked for positive bending
and cracked and uncracked for negative bending) are from 10 percent to
15 percent greater than those determined from the Biggs formula. The
Biggs formula is not directly applicable to non-rectangular sections, and
for complicated sections its use becomes highly questionable. For simple
cross-section, however, its use in determining dynamic bending stiffnesses
can be justified from the foregoing test calculations. For complicated
beam cross-sections, although parameters may be chosen so that the Biggs
formula stiffness compares well with the four stiffness average method,
it is suggested that only the latter method be used in determining the
dynami. stiffness.

2. FREE FORMAT INPUT PROGRAM

To alleviate the time consuming and confusing format rules for intro-
ducing data into the SAP IV code, a program known as FFIP was developed.
FFIP, short for Free-Format Input Program, enables the user to prepare
input data for SAP IV with considerable ease and speed and to avoid the
rigidity in form necessary for creating input data directly applicable
to the SAP IV program. Ultimately, input data, when properly prepared,
can be completely shuffled, and the resultant output of FFIP will be
identical every time. FFIP is a separate, independent program to be run
Just before executing the SAP IV program in a single job run, and it
creates a resultant output tile, Tape 1, which is to be used as input
to the SAP IV program. To utilize FFIP proficiently, the user is required
only to be familiar with FFIP input syntax rules, which are simple and
straightforward, and FFIP keyword parameters. Explanations of FFIP
input requirements and further elaborations of FFIP characteristics are
available in Appendix A.

3. GRAPHICS PLOT PACKAGES

Two plotting packages were developed for the SAP IV code to simplify
both data input and output. For dynamic problems the time history
package provides the user with plots of displacement or stress versus
gi?e. The mesh plot package permits rapid verification of input geometrical
ata.

kb
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3.1 Time History Plot Package

A time history plot package is available for the user who wishes
to analyze voluminous SAP IV output with ease and efficiency. The plot
package has been included in SAP IV without major modification to the
code and the standard software package is required for its execution.
Plots can be created by requesting printer plot from SAP IV (i.e., KKK=2)
with data for specific component members. No other input data are re-
quired and each resultant plot contains a maximum of three curves which
are automatically grouped depending on component members specified. A
normalization factor is provided for minima and maxima of all three
curves when applicable. Also, the beginning and ending time data points
are automatically plotted to the extrema. Each curve permits up to 100
points. If there are more than 100 points, the data will be incremented.
Further elaborations, including samples and functional descriptions of
the program are given in Appendix B.

3.2 Mesh Plot Package

A mesh plot package is available for rapid and simple verifi-
cation of input geometric data. It is a separate program which can only
be run after a successful execution of SAP IV in a single job run. In
addition to the normal input data to the SAP IV program, a variable
named MODEX in the master control card section of the SAP IV manual
must be set to 1. SAP IV, subsequently, produces an output file, Tape 8,
which provides one of the required inputs to the mesh program. Besides
TAPE 8, card input must include data, such as visual orientations of
generated object defined in 3-D space and selections of optional node
and element labelings and various or all elements to be plotted. Card
input is again in free-format and is easy to use. Explanations of
syntax rules, a list of keyword parameters and further details of mesh
plot characteristics are available in Appendix C.

——




SECTION IV

T

PROBLEMS THAT DEMONSTRATE THE APPLICABILITY OF SAP IV
TO AIRCRAFT SHELTER ANALYSIS

-

1. BACKGROUND

A hierarchy of problems was selected to illustrate the use of SAP IV
for obtaining solutions in cases that ranged from the most elementary
type to those that were fairly complex and representative of the type
that might be encountered in a detailed analysis of an aircraft shelter.
The simpler problems were chosen to demonstrate basic features of the
code and to allow comparison with solutions obtained from strength of
materials formulas. The more complex problems were designed to represent
the structures and load environments actually encountered in Air Force
design and experiments. Since the objective of this part of the study
was to determine the appropriateness of SAP IV for this class of problems,
no attempt was made to perform the kind of detailed analysis that might i
be required under a given situation. :

Of the large number of elements available in SAP IV, the following
problems were solved using only beam, thin shell or plate, and thick
shell or plate elements. Input for each problem was introduced into
the code using the Free Format Input Program (see Appendix A). The mesh
plots and time history plots have been selected so that over the range
of problems considered, most of the options available with the plot ;
package are exercised. »

2. CANTILEVER BEAM
2.1 Static Analysis Under Five Different Loads (Figure 11)
2.1.1 Problem Description

A 25-foot long cantilevered W 12 x 40 beam was subjected
to the following concentrated loads acting on the free end of the beam:

a. 1000-1b axial load
b. 1000-1b vertical load
c. 300,000-in-1b moment
d. 5000-in-1b torque

e. A1l of the above




|" 25 ft j llooo 1b
/

~ ]— 1000 1b / ]
Load Case 1 Load Case 2

NN NN

‘ THEORY Ax = 9.4044 x 10 %in THEORY Ay = -1,0011 in
‘ SAP 1V AX = 09,4044 x 10-“1n SAP IV A = -1.0088 in
NODE 6 NODE 6

4 1 1300,000 in 1b % |:>5000 in 1b
a Load Case 3 Load Case 4
THEORY Ay = 1.5017 in THEORY x-rotation = -0.14067 radians

-0.14067 radians

SAP IV A = 1.5017 in SAP IV  x-rotation
NDE6 Y NODE 6

.

1000 1b

g?
Q
4
000 in 1b X
Load Case 5 300,000 in 1b
THEORY

Ay = 0.5006 in

SAP IV A = 0.4929 in
NODE 6 y

Figure 11. Cantilever Beam Load Cases




2.1.2 Five 3-D beam elements were used in the analysis. The
assignment of nodes and beam elements is shown in Figure 12.

1 2 3 4 5 6 Node
2 1 I 2 3 4 5 Element
' 2 5 Ft

™ 10 Ft

- 15 Ft

P

20 Ft
& 25 Ft i

Figure 12. Cantilever Beam Element Assignment

2.1.3 Input Data - Five Load Cases

A .

HEADER=*STATIC ANAL. CONC. LOADS CANT. BEAM
NUMNP=7 ,NELTYP=1,LL=5

IX(1,7)=1,1,1,1,1,1
1x(2 6)=0,0,1,0,1,0,
XYz1(1)=0.,0.,0.,0.,

XYZ1(2)=60. ,0.,0.,0.,
XYZ1(6)=300. ,0. ,0. ,0.,

XYz1(7)=0. ,60.,
NBEAM=5,BNEPC=1,BNMPC=1,
BMPC(1)=2.9€7,0.3,7.339E-4,.289
BEPC(1)=11.,3.51,4.128,.956,44.1,310.,
BEAM21) =1,2, 7,},1,

BEAM 5)=5,6,7, sl

CLMD(6,1)=1000. ,

CLMD(6,2)=0. ,-1000. ,
CLMD(6,3)=,,,,,3.0E5,
CLMD(6,4)=,,,5.0E3

9LMD(6,5)=1000 »-1000. ,,5.0E3,,3.0E5




2.1.4 Results

A comparison of deflections as computed by SAP IV and a standard
strength of material approach was made for each of the five load cases.
Tre maximum difference in computed deflections was 1.56 percent, and
this can probably be attributed to the fact that deflections computed
using strength of materials did not take shear deformations into account,
whereas, SAP IV did. Because the problem analyzed was statically deter-
minate, no appreciable differences in shears and moments were computed
by either approach.

Load Case 1 (1000 1b axial) X-translation
SAP IV - node 6 A = 9.4044 x 10”" in

PA/AE = (1000 1057 5o {20 % To%s)

Strength of Materials A

= 9,4044 x 10" "in

Load Case 2 (1000 1b vertical) y-translation

SAP IV - node 6 Ay = -1.0088 in

BLE (300 in)
Strength of Materials Ay 3ET - (1000 ]b)3(29x105psi)310 e

1.0011 in
Difference in predicted deflections is 0.8 percent.
Load Case 3 (300,000 in-1b concentrated moment) y-translation
SAP IV Node 6 Ay = +1.5017 in

Strength of Materials - Moment area

e

L, M2

1BA = !? x 2 x %= B = ay = 300,000 1n-1b§300 in)2
x10°ps n*= 1.5017 in

26

M/ET

)
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B
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om/ET Diag. o
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Load Case 4 (5000 in-1b torque) Angle of Twist
SAP IV x rot. = 0.14067 radians
Node 6

R A e R e )

ials o= Ik - (5000 ip-10)(300 in) ____
Strength of Materials o= 3¢ = 70.956 in")(11.154 x 16°in")

| = 0.14067 radians i

Load Case 5 (Combined loads) y-translation

v o
LA Sz - 3753

SAP 1V Ay = +0.49289 in
1 Node &
’ Strength of Materials A, = -1.0011+1.5017 = 0.5006 in

Yy
k Difference in predicted deflections is 1.56 percent.

2.2 Effect of Shear Deformations on a Deep Beam and a Standard Ream

; 2.2.1 Problem Description

T

. As seen in problem 2.1, the inclusion of shear deformations
Q in an analysis leads to computed deflections somewhat larger than de-

flections computed by standard means. In an attempt to study the effect :
shear deformations have on the deflections computed for a standard beam i
and a "deep" beam, analyses were made on a standard 15-foot cantilever 3

and a deep 15-foot cantilever. For each beam, analyses were made in-

cluding shear deformations and not including shear deformations. A

"deep" beam was considered to be a beam with a length to depth ratio of .
5:1 or less (see Figure 13). i

The following problems were considered:

VI T
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15 ft 10,111 1b
—
CASE
1
_ W12 x 65
?
{ 15 ft 50,000 1b
-
/
eose 4 W36 x 135
i 2 /
; 7
i y W36 x 135
y
/

T e e —

Figure 13. Shallow and Deep Cantilever Beams

In both cases loads were chosen that would yield a bending stress of
approximately 20.5 ksi at the fixed end.

b | 2.2.2 Three 3-D beam elements were used for both problems. The
- arrangements of the nodes and beam elements used in the analysis are
, shown in Figure 14.

| /]
! /]
| . 2 3 4  Node
4
i 7
1 2 1 2 3 Element
/ 5 ft
/]
10 Tt
-
é b 15 £t

Figure 14. Cantilever Beam Element Assignmert
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i : 2.2.3 Input Data - Case I with Shear

E HFADFR=%#3TDe BFAM SHFEAR W12X65
E NUMNP=6 oNFLTYP=1olL L =109

B | ‘ IX(195)=191elslslsls

F 28 TX(2 4)=0s0015191905
E

\(YZT( 1)=ﬁ. 9NesNesNas
XYZT(2)=6NesNesNes

XYZT(4)=18Ne

XYZT(5)=0e 9509

NRPFAM=3 sRNFPC=1sBNMPC=1,

i . AMPC(1)=249F 7963915229490 s

f RFEPC(1)=1%9e]l0b4e7394e7392e¢19917%¢953340
REAM(1)=1429591091

REFAM(3)=3449591s1

CLMN(4491)=9-101110e0

2.2.4 Input Data - Case I without Shear

:
; HFANFR=%STN, NO SHFAR %W12X65
J NUMNP=6 ¢NELTYP=14LL=1s

| < TX(165)=1alslelslsls
$'¥ { TX(2 4)=n4Nslslslsns
; o XY7ZT(1)=Ne9NesNesNes
3 XY?T(2)=6H.90.90.o

E i XY7ZT(4)=1804s

XYZT(E’):"\Q’C’O’

NRFAM=3 dANEPC=] yRNMPC=1
QMP((1)=2.QF7’03!19022’49000
RFPC(1)=196¢19932e¢19917%¢953343
REAM(1)=14295901091

PEAM(3)=344 659191
CLMN(4491)1=9=-10111400

'

PR N
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2.2.5 Input Data - Case II with Shear

HEADER=#DFEP BFAM SHFAR W26X135
NUMMNP=68 g NFLTYP=1,LL=1
IX(195)=219191l919lsls

IX(2 4)Y=0e09l9ls1s0>

XYZT(1)=009

XYZT(2)=6Nes

XYZT(4)=18049

XYZTU(B5)=0¢25e0

NREAM=3 4BNEPC=1 sRNMPC=1,
RMp((l)=?.QF79.3915.229h9059
BEPC(1)=3Ge8921e2632102637e039226e57820es
REAM(11=142459191

RFAM(3)=3 4344591091
CIMN(441)=e=500N00s

'

2.2.6 Input Data - Case II without Shear

HFEFADER=#%BFEP BREAM NO SHEAR W36X135
NUMNP =6 ¢NELTYP=1sLL=1
IX(1e5)=1a1lelslelsls

TX(?2 6)=NeNelslslsnNs
XY7ZT(1)=Naes

XYZT(2)=bANeos

¥XYZ2T(4)=18Ne s

AVZT(5)=Nes5es
MQFAM:Q,RN:D(:l,RN“P(=1’
AMPC(1)=2¢9F 7903915229459 04a
QFPC(1)=39.899’7003’2260 2 78204
AFAM(1)=1929591s1
AFAM(3)=344456e191
CIMD(44]1)=9=500N0N0

'




2.2.7 Notes on Input Data

The input data for the two cases involving a standard
beam (W 12 x 65) are very similar to the input data discussed when
considering the analysis of a cantilever beam under five loading cases.
One should note that for the analysis considering shear deformations,
the element geometric properties include an area of 4.73 square inches
that is associated with shear forces in the local two direction, whereas,
for the second case the input does not include this piece of data and
the analysis will not include shear deformations.

For the two cases involving a deep beam (W 36 x 135)
it should be noted that for the first case, where shear deformations are
taken into account, the element geometric properties include an area of
21.26 square inches associated with shear in the local two direction.

In the second case, where shear deformations are not taken into account,
this shear area has not been included.

2.2.8 Results

For the standard beam (W 12 x 65) the maximum
deflection computed by SAP IV including shear deformations
was A, = 1.3061 inches. The maximum deflection computed by SAP IV not
in;luﬁing shear deformations was A, = 1.2716 inches which compares to
witiin five places with the strength of materials solutions. The error
in thésgtrength of materials solution was 2.7 percent.

For the deep beam (W 36 x 135) the maximum deflection
computed by S V including shear deformations was A, = 0.46656 inch.

The maximum deflettjon computed by SAP IV, not consid&ring shear defor-
mations, was A, = 0.32861 inch, which again compared to within five

places with thé strength of materials solution. The error in the strength
of materials solution, this time, was 8.9 percent. Thus, for extremely
deep, short beams,’the error encountered when computing deflections
without considering shear deformations begins to be significant.
Therefore, in any analysis of an aircraft shelter where there is some
question as to whether or not the shelter section may constitute a

"deep" beam, shear deformation should be taken into account. As the

input shows, this can be done with very little effort. A1l that is
required is to include in the element geometry input the areas associ-
ated with shear forces in the local two direction. (Figure 15.) ]
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AN Oy g s F Sk ool s

10,111 Tbs.

15 Ft.
Case 1 2-

W 12 x 65
THEORY WITHOUT SHEAR DEFORMATIONS Ay = 1.2716 in
SAPIV WITHOUT SHEAR DEFORMATIONS Ay = 1.2716 in
SAPIV WITH SHEAR DEFORMATIONS Ay = 1.3061 in

50,000 1bs.
|

15 Ft.

1 W 36 x 135
Case 2

7

a THEORY WITHOUT SHEAR DEFORMATIONS
SAPIV WITHOUT SHEAR DEFORMATIONS
SAPIV WITH SHEAR DEFORMATIONS

ELEMENT MODEL

Ay = 0.42861 in
Ay = 0.42861 in
Ay = 0.46656 1in

Al 2 3 4 Node
/
7
/
2 1 2 3 Element
1
T 5 Ft
10 Ft
m: 15 Ft
y

X

Figure 15. Effect of Shear Deformations
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3. Fixed-Fixed Beam
3.1 Static Analysis of Fixed-Fixed Beam (Figure 16)
3.1.1 A box beam fixed at both ends is subjected to ;

1. A concentrated load at the center

2. A uniformly distributed load

4
Load Load
Case (1) 100 1b Case (2)
‘ : 25 1b/in .
/ 7 / ;
4 y 7 g 1
Material = Steel |

Member: 4 in x 4 in x 40 in box beam with
wall thickness 1/4 inch

Figure 16. Fixed-Fixed Beam Load Cases

3.1.2 A group of four 3-D beam elements is used for this
analysis with the location of the nodes and the element numbers (square
boxes) shown in Figure 17.

ty

et LB O Element
P
¥ ORI e . e e
S e | |

%0 010 n '10 4n'10 in' i

Material = Steel

Member: 4 in x 4 in x 40 in box beam
with wall thickness 1/4 in ;

Figure 17. Element Assignment - Fixed-Fixed Beams




The input data for these problems are as follows:

3.1.3 Input Data - Case 1

HEADER=%¥STATIC BREAM PROBRLEM *
NUMNP=6 ¢ NFLTYP=1ol.L=1>
TX(105e6)=191919191s15s
ITX(2 4)Y=N90s1sl91s0s
XYZT(1)=
XYZT(2)=10es
XYZT(5)=4nes
XYZT(6)=0es1les
NRFAM=4 4 INFPC=1 yRNMPC=1,
RMPC(1)=3,0F79e3334e0NN7246
PFPC(1)=16¢99999¢0799e7668e766
| REAM(1)=1429691091
RFAM(4)=4,54635191 :
CLMD(351)=9=100N0 '
'

b o s

3.1.4 Input Data - Case 2

HEADER=% STATIC BEAM PROBLEM * g
NMUMNP=6 o NFLTYP=1sLL=1 3
IX(19596)=191919219191>

TX(2 4)=NgNslslsls0

XYZT(1)=

XYZT(2)=10e

XYZT(5)=4Nne

XYZT(6)=0Dev]le

NBFAM=4 sBNEPC=19BNMPC=1
AMPC(1)=3,0FT79¢3333e0N073469=1672
REPC(11=1,.509934079%a76hse766h
REAM(1)=192969191>
RFAM(4)=445969191

FI_M(1)=1.

BFLFY=1es

etk s
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b 3.1.5 Comparison of SAP IV Results with Strength of
§ Materials Solution
Case 1. Concentrated Load at Center.
liirlb i
. !
: SAP IV Results Strength of Materials Results® - §
Max imum i g -2 |
deflection - 0.14505 x 10 © in - 0.14505 x 10 © in %
(at center) i
v |
Shear force 50 |
diagram (1b) X X ‘!

e F
20 in | 20 in I 20 in | 20 in I

.

M 500 500

(1b-1in) :
Bending moment |

diagram X X
3
|
-500 3
} 3nManual of Steel Construction," Seventh Edition, AISC, pp 2-203. ‘
; Figure 18. Static Results - Fixed-Fixed Beam Poini Load |

The results of Figure 18 indicate the following:
' 1. The maximum deflections agree to within five significant figures.

i 2. The shear force diagrams are the same, as are the bending
moment diagrams.

35




R N A R XA v, D T AR ety b

Case 2. Uniformly Distributed Load.

25 1b/in
. Maximum
" deflection SAP IV Results Strength of Materials Results®
(at center)  -0.72527x10"2in -0.72527x10"%in
3 '} ] ~
E | Shear force  (1b) 500
: diagram 375 X X
Tl

10 1nl]0 inllo inlio in. 20 in 20 in

R | M
| (1b-in
| Bending moment 625 1875 1667
diagram | X . X
-3125
-3333

3uManual of Steel Construction," Seventh Edition, AISC., pp 2-203.
Figure 18a. Static Results - Fixed-Fixed Beams - Distributed Load

ERESREESIS SRS —— e

The results of Figure 18a show that:

i. The maximum defections agree to within five significant tigures.

2. The difference between the two shearing force diagrams and the
two bending moment diagrams is due to the assumptions of constant element
strain in SAP IV,

i s
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3.2 Dynamic Analysis of Fixed-Fixed Beam

3.2.1 A box beam (Figure 19) fixed at both ends is subjected to
a time dependent load at the center as follows:

F(t)
(1b)
F(t) 100

E i % |/
i = 20 in . ~ '

0.05 t(sec)

Material = Steel

Member = 4 x 4 x 40 inches box beam
with wall thickness = 1/4 inch

Figure 19. Fixed-Fixed Beam - Dynamic Point Load

3.2.2 The finite element model and location of nodes are
the same as for the static analysis (3.1.2).

Two different analysis methods, mode superposition
and direct step-by-step integration, were used. The input data for
these analyses are as follows:




We- R

3.2.3 Mode Superposition

HFADFR=#DYNAMIC ANALYSIS OF A FIXED=-FIXED
MNUMNP=6eNFLTYP=1oNF=6sNDYN=2
TX(19546)=191910ls1slos

ITX(2 41=0eaNelslelenNe

XY¥ZTil)=

XYZT(2)=1Nes

XY727T(5)=4nes

XVZ2T(6)1=4Nngeles

NMREAMZ 4 qRANMED(C =] QRN‘.‘D('zl

AMP (1122, NF 7462333 4enNNNT24
AFPC(]11=]145Y999eNT790e 76696766
PEAM(1)Y=]1a2ehel0]

REAM(H4)=445960]1091
TFPR=1eNFN=1oeNT=400N0NUT=10NneNT=eNNN]
NP({3¢2)=1991s

NEP(1)=39-1NNe
T(191)=0esT(102)=aN54T(143)=2560
F(lel)=0esF(192)=1esF(le3)=1,

KX =2

TCOMD (2431 =142 96
Yvve=>
TS(2e2)=1420e69798912
1S(2e3)=1e246

L

3.2.4 Direct Integration

HEADER=#DYNAMIC ANALYSIS OF A FIXED=-FIXED
NUMAMD =4 ¢NFLTYP=]1oNF=hoNDYN=4
IX(105¢6)1=T191019l01s1s

IX(? 4)Y=0eNel el eleNe

XYZT(1)=

XYZT(2)=1Nney

XYZT(S)=4ney

XVY7T(6)Y=6Nngs]len
NRFAM=4 JRANEDC =] o PNMDCO=]
AaMPC(11=2,N079e3339e0NNT346A
AEDC(1)1=16e5V090e0T7%0ea7hheeaThA
OFAM{I]1)=1429e69101
REAM(A)=bebe659] 9]
NEN=1oNTI=4anNN¢NOT=TNNeDT=aNIND]
NMP(392)=14991e

NLP(1)=39-1NNs
T(1e1)=NesT(1021=e0N5sT(1e3)=5,
Fllel)=NeosF(1le2)=1lasFlle3)=1s,
VKV =D

1COMP(2)Y=1420e6

TCOMP(3)21 4246

vrv =2,

T6(2e2)1=1a”2e6597¢8412

TGl2e3)1=1e2¢5
.

BEAM

BEAM
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3.2.5 Results

Both the vertical and horizontal displacements of the
beam center (node 3) are presented in Figure 2C. The horizontal com-
ponent is zero for all time while the vertical component increases

LR T W,

T negatively to an average value corresponding to the static deflection.
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Figure: 20," Midpoint Displacement Response (Fixed-Fixed Beam)
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4. PLANE FRAMES

4.1 Static Analysis of Rectangular Frame Under Four Different
Loads.

4.1.1 Problem Description
A 10-foot by 10-foot rectangular frame was subjected

to four different loading conditions. These four load cases are illus-
trated in Figure 21.

—® F ———
—»
_’
—’
3 1 77 Ty 2 7 wr 3 mr
10 1b/in Uniform Load 1000 1b Conc. Lateral - 1000 1b Conc. Vertical
Load Load

lF
w

P e——_—

ve y b

;J 4
Combination of all Loads

Figure 21. Rectanguiar Frame-Static Load Cases

The frame was composed of W 8 x 15 horizontal and vertical
structural steel members with the following properties:

= 2 . = 4 = . = “
A =4.,43%in ; Ixx 48.1 in} Iyy 3.40 in*; J = 0.136 in

E =20 x 10° 1bs/in%; v = 0.3
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4.7.2 Twelve 3-D beam elements were used in the analysis.
The assignment of nodes and beam elements is shown in Figure 22.

a4 I
©) ©

34 11 1201in
(:> (:) 901in

2t ® 12 0in
I@ ; 30 in ‘

A 10 foot by 10 foot rectangular frame composed of 8 WF 15

horizontal and vertical structural steel members

Figure 22. Element Assignment - Rectangular Frame
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4.1.3 Input Data - Rectangular - Frame - Static

HFADFR=%STATIC ANALe RECTe FRAME UNIFe AND CONCe

NLIMMNP = FoNFLTYP=1sl lL=4
TX(1913)=19191l9l91s1s
XYZT(Y)=
XYZT(2)=0e930e
XYZT(5)=Nne9120e
XYZT(6)=3Nnes120Ne
XYZT(9)=12Nes120e
XYZT(10)=12Ne 9900 s
XYZT(13)=120e3Nes

IX(2 12)=Nns0s1slelsDs
NRFAM=]23RNFPC=]1 sBNMPC=1
QMP((1)=?.QF7!.3’7QBQE—“90284
REPC(1)=4,43999e13693e4948410
REAM(1)=1429691s1
REAM(4)=4954649191
RFEFAM(5)=546949191
REAM(8)=89994919)
RFAM(9)=9410989191
REFAM(12)=12¢1394s191
cCEMBCESTI=Y500
CLMD(1+4)=150
CLMD(241)=3004
CLMD(294)=3004

('[_‘;1D( 391):300.
CLMD(344)=300¢
CLMD(441)=30N0N0
IMD(494)=3000
CLMD(541)=150e9-1500e
(-LMD(59"‘=1:’00 9—150e
CILMD(691)=9=300Nes
CLMD(6e4)=9=30Ney
CLMD(791)=9=300Ne
CLMD(T742)=1000e9
CIMD(793)=9=10NNes
CLMD(764)=10N0es=13NNes
CLMD(851)=0=30Nes
CIMN(Bal)=e=3NNe s
CiMD(9911==150e9-15000
CILMND(T94)==15009=-15Ne
CIMN(1Ne1YV==3NNe>
CLMD(1Nsb4Y==30Ne s
CIMN(1141VY==30Nes
ciLMD(11 s 4V==30Ne s
CLMN(1241)==30Nes
CLMDI1294)==30Ney
CLMN(1361)==15Ne
CIMN(1244)==15N4e0

'

LOADS




o s

RETTTIND

T

4.1.4 Results. A comparison of moments in in/1b as computed by
SAP IV and a standard moment distribution technique for the first three
load cases is shown in Figure 23.

Load Case 1
W =10 1b /in
6000 6304
12000 12000 11200 71200
Jeooo 6000 Hem 6723
Wl}zooo 1200 11360 1 136%
Moment Distribution SAP 1V

Maximum Difference = 13.4 percent

Load Case 2
[p5879 25879 D5650 25650

1000 1b

/»7_ poe 7%_1 82 34182 /7’);5350 34%/_’

Moment Distribution SAP IV

Maximum Difference = 0.7 percent

1000 1!1 Load Case 3
9997 9997 9989 9989|
4996 4996 4977 4977
7777777 /7;/9 777 /W/L? 7 77T
Moment Distribution SAP 1V ;

Maximum Difference = 0.4 percent

Figure 23. Static Results - Rectangular Frame

It should be noted that the maximum difference in computed moments
occurred for load case 1. This is probably because the uniform load was
approximated by equivalent concentrated 1oads applied at the various nodes.
A more accurate analysis could be achieved by including more beam elements

in the numerical analysis.
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4.2 Response Time History of a Rectangular Frame (Figure 24)
Subjected to a Traveling Pressure Wave

4.2.1 Problem Description

The same 10-by 10-foot rectangular frame considered in
problem 4.1 was struck by a pressure wave of 10 1b/in traveling at
200 ft/sec.

ty = 0.925 sec

2 B W = 10 1b/in
(%] wv .
o g P8 ty = time of arrival
o o %
o o
n n
“<‘ “<

N\ AN\

Figure 24. Dynamic Loading - Rectangular Frame

4.2.2 Finite Element Model

The same 12 3-D beam elements as were used in problem
4.1 were used in this problem. The assignment of nodes and beam elements

is shown in Figure 25.
120 in -

-
90 in
60 in
30 iﬁ’":.‘
6le|o e
@f L 16
mH 10 m ) f
Rt €y
@ 3 1 =] =
Q g 7| o
2 124 -l gl |
C;:I; 13 @ fz 9 v

™
Figure 25. Element Assignment - Rectangular Frame
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4.2.3 Input Data - Rectangular Frame - Travelling Pressure Wave

HFADER=%FCTe FRAME TRAVELING PRESSe WAVE
NUMNP=13 4NFLTYP=1sNF=1nsNDYN=2,
TX(1913)=1919l9l9lsls

TX(?2 12)=Nn9NslslsleNys

XYZT(1)=

XYZT(Z2)=Ng93Nes
XYZT(5)=0e9120e s
XYZT(6)=2nes12Ne>
XY7T(9)=12Nes12Ne>
XYZT(1l0)Y=120e390 e
XYZT(12)=120e9300e
XY7ZT(13)=12Nea9Nes

NRIFAM=12 ¢RNFPC=1sBNVMPC=1
AMDC(1)1=2,GF 79639734t -bye284
RFPC(1)=4e43999e13693e4948e] s
BEAM(1)=]1429691091
RFAM(4)=445469191
REAM(5)=54,Ael9191
REANM(B8)=849949191
BFAM(9)=94¢1Ns8e14s1
REAM(12)=1729134891,1
TEPR=14NFN=1 ¢NAT=34NT=50N0sDT=e00N2sNOT=10

MDY 1y =]

31 1=19ls10Ne
ND(241)=1414300N
NP{2471)=141s300e
NP(4el)=141e30Ns
NP(5e1)=1419150n0
NP(562)=1al =150
Mp(f‘,QZ):l 92 9=3NN,
NP(792)1=1e20e=300Ne
NP(Bs2)=1429=300N0
ND(Og1)=1439-150N,

NP (O042)=1424=15N0
AND(1Ne1)=193e~3NNe
NP(1191)=143e~300e
NP(1291)=1439e~=300Ne
NP(1391)1=1939~1504
AT(1)=NesAT(2)=e0259AT(3)=0a0by
NLP(1)=7910
T(1el)=0eaT(192)=2s
EllellzlawFile?2)=Ta

VKK =24TCOMP (193945 9411913)=1424396
YK S=2,
TS(2e1)1=16293969793899917
TSE(292)=14202069798¢99172
TS{2e4)1=142943969798s9912
TS(285)= 1924306978849 917
TSU246)= 19293969 79899912
TS(297)= 142939607 484991?2
TSU2e8)= 1926369798991 2
TS(299)= 19293969 79849912
1S(2e11)=14292 46079849912

TS(2e12)=192424heT7eB4941?
'

gl -
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4.2.4 Results

The first part of the results gives the eigenvalues and
mode shapes of the frame. Figure 26 shows the first five eigenvalues
and the mode shapes associated with the first three eigenvalues.

\ . =
\ | |
| (38 l
/

W, = 144.9 Rad/sec W, = 566.1 Rad/sec

— — —
—

w3 = 923.7 Rad/sec
H4 = 979,2 Rad/sec
NS = 1817 Rad/sec

Figure 26. Rectangular Frame - Natural Frequencies and Mode Shapes

. The displacement time history for node 7 is given in

Figure 27. Components 1 and 2 in this figure correspond to the x and y
displacements, respectively. To obtain absolute results the normalized
values given in each figure must be multiplied by the normalized

values given in each curve. For the stress time history shown in Figure
28, component 1 is the axial force at node 7, component 2 is the shear
force at node 7 and component 3 is the out of plane shear force at node
7, zero for all time. A1l of these components act on element 7.

The displacement response of node 7 exhibits a period of
0.043 second, which corresponds to the first mode vibration period.
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RECT. FRAME TRAVELING PRESS. WRVE
NORMALIZED DISPLACEMENT RESPONSE AT NODE 7
0.0 2 B .6 .8 i.0o
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S R —
' 0.0 3 .4 .6 .8 1.0
TIME (SECOND)
NORMALIZED FACTOR= .884E-01 Eg:ggxgﬁi é

Figure 27. Nodal Displacement
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4.3 Static Analysis of a Polygonal Frame Under a Uniform Pressure
4.3.1 Problem Description

A five-member polygonal frame was subjected to a
uniform load (Figure 29) of 10 1b/in. The corners of the frame were
on a 24-foot arc to simulate the geometry of a typical aircraft shelter.
The members of the frame were W 12 x 36 with properties:

36°

24 ft ;

Figure 29. Polygonal Frame - Static Loading




4.3.2 Analysis by Equivalent Fixed tnd Force
4.3.2.1 Problem Description
The polygonal frame described in the intro-

duction will be analyzed by SAP IV with the uniform load represented
by an equivalent fixed end force set.

b e i et e e

4.3.2.2 Finite Element Model

The uniform load was replaced by equivalent fixed
end forces for the computer analysis. Figure 30 shows the fixed end
forces that were placed on each element, and the length of each element.

27,288.8 in-1b wl?/12 = 27,288.8 in-1b

4% = 180.96 1"(*'1 w&/2 = 904.8 1b
t .
904.8 1b |

Figure 30. Fixed End Forces

Five 3-D beam elements were used in the analysis.
The assignment of nodes and beam elements is shown in Figure 31.

+ y E
: A :
b (0, 300)
(199,274) (377,274)
@ 4
[55,169 @
2 3 (521,169)

6\ (576, 0)

Figure 31. Element Assignment - Polygonal Frame (Five Elements)
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The local coordinate system of a beam element

is shown in Figure 32. s B

Figure 32. Local Coordinate System of Beam Element

The node k is any nodal point which lies in the local 1-2 plane

but not on the 1 axis and is used to orient the element. For this
problem node 7 was used as the node K for all of the beam elements.

It should be noted that for elements 4 and 5 the node K lies below
the 1 axis and the signs of the output forces with regard to the local
coordinate system are reversed.

4.3.2.3 Input Data - Polygonal Frame - Static - Fixed
End Forces

HEADFR=¥POLYGOMNAL FRAME STATIC UNIFe PRESSe FIXED ENUL FEORCES
NUMNP=T7 oNFLTYP=1oLL=1>
TX(1e097)=1919lslslsls
TX(2 5)=0sNelslslenNy
XYZTKLy=
XYZT(2)=56569¢1696
XYZT(3)=199¢9274e
XY7?7T(4)=37 T qe2 Tlhas
YV7T(5\=L771A.9](3Q0§
XYZT(6)=5766900
XYZT(7)=0¢93N00 s
NRFAM=6 ¢BNEDPC=]1 o BNFEFS=2 ¢RNMPC=1
RMPC(1)1=2_.90FTea3e7a239F <L eaa?H9
PFPC(]1)=1Nneb999e8392%e5925 e
AFEFTI1)=,00) 4893992 728R,8
REFEF J(1)1=2e9N4eB89999=27728%48
REFFFT(2)=4=9NlbeBoesse=27288e8
RFFFJI2)=4=9N%4 899992728348
REFAM(1)=142eT7019191
RFAM(2)=243¢791910s1
AFAM(3Y=24l4 97919101
BFEAM{4)=4g549T7919197?
PEAM(5)1=5469 7919192

i FIM(l)=1as

: 51
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4.3.2.4 Results

The moments in in/1b acting on the ends of the
various elements as computed by SAP IV are shown in Figure 33.

i )
Y

26,890 26,890

26,900

28,860 - \/

Figure 33. Bending Moments for Polygonal Frame
(Equivalent Fixed End Forces)

It should be noted that these values are all within 5 percent of what
would be computed by a moment distribution approach.

4.3.3 Analysis by Equivalent Concentrated Forces at Six Nodes
4.3.3.1 Problem Description

The five member polygonal frame (Figure 34)
described in the introduction was subjected to the uniform load of 10
1b/in. For this analysis the uniform load was replaced by equivalent
concentrated forces at the six nodes.

4.3.3.2 Finite Element Model

The uniform load was represented by the equivalent
concentrated forces acting on the six nodes. The assignment of nodes

:ng ;lements for this problem is the same as that described in problem




y
’ 637 637

532

Figure 34. Element Assignment - Polygonal Frame

The concentrated loads refer to global coordinates x and y, therefore
the sign reversal that was meitioned in probiem 4.3.2 does not appiy.

4.3.3.3 Input Data - Polygonal Frame - Static - Concen-
trated Forces at Six Nodes.

HEADER=#POLYGONA: FRAME STATIC UNIFe PRESSe FORCE 6 NGDES
NUMMP=7 oNFLLTYP=19_0L=1>
TX(1e6e7)=1910l9T9slsls
TX(2 51=NeNeslslslsCoe
TESXY2T E] =
XY7T(2)=2556¢916%0
¥Y7T(2)=]190e 92 7lay
XYZT O4)Y=37 T 02 The
XYZT(5)=521e916%96
XYZT(61=576e904
XYZT(7)=Nee3NNes
NREAM=5 4RNFPRC=]1 ¢ANMPC=1y
AMPC(1)1=2e9F Toe397e339F -4 464289
REPCIIN=1NheseaBRe20 5201, 0
AEAM(]1)Y=]162979191s1
hrﬁl"57§=7.7v793~]v’;
OFAM(3)1=3¢49 7919101
PEAM(A4)=4e5¢T79191091
AFEAM(5)=5469701 0]
CLMD(191)=861e9=280e0
CILMN(261)=139349=1N120e0
CLMN(3611=532¢9=163706
CILMD(4491)1==5326e9=16370
CLMN(541)1==139349=101200»
CLMN(6e1)==BO1la9=280e

i e ST




4,3.3.4 Results

The moments in in-1b acting of the ends of the
five beam elements as computed by SAP IV are shown in Figure 35.

' \
\ Vd

425.5 425.5

¥32.% 332.6

\L 1,519 1,519A/

Figure 35. Bending Moments for Polygonal Frame
(Equivalent Concentrated Forces)

When compared with the results obtained in problem 4.3.2, these moments
are grossly different from those obtained by either a moment distribution
approach or an equivalent fixed end force finite element analysis.

The reason that this equivalent nodal force
approach was attempted is that in a dynamic analysis loads must be ex-
pressed in terms of equivalent nodal forces. As expressed in problem
4.3.4, a much more accurate analysis is achieved when the Tinite element
model includes more nodal points.

4.3.4 Analysis by Equivalent Concentrated Forces at Sixteen
Nodes.

4.3.4,1 Problem Description

For this analysis the uniform load of 10 1b/in,
acting on the polygonal frame described in the introduction, was replaced

by equivalent concentrated loads acting at 16 nodes.
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4.3.4.2 Finite Element Model

Fifteen 3-D beam elements were used in the analysis.
The assignment of nodes and beam elements is shown in Figure 36, along with
global coordinates of the various nodes.

258,274
?Y (199’274)7 3 ,m '9 (3‘_8 ,2704)(377 ,274)

(103,204) 5 5

(554169)4 (%)
4(539,113)
AL5 (558, 56)
‘{ .= ‘-‘-x
16 (s576,0)

@,0)
Figure 36. Element Assignment - 15 Elements
As stated, the uniform load was replaced by con-

centrated loads at 16 nodes. Figure 37 shows the x and y components of
the loads that were used in the finite element model.

Figure 37. Polygonal Frame - Equivalent Concentrated Forces (16 Nodes)
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4.3.4.3 Input Data - Polygonal Frame - Static - Concen-

; : trated Forces at 16 Nodes.
| : HFADFR=#POLYGONAL FRAME STATIC UNIFe LOAD CONCe LUADS AT 16 NODES
i NUMNP=1T7oNFLTYP=1sLL=1>

IX(1916917)=19191919lsl
TX(2 15)=neNs1l9slsls0s
X¥ZT CL)=
XYZT(2)=18e956 e
XYZT(3)=37e9113 e
XY7T(4)=554416%4e0
XYZT(5)=1n3e9204be s
XY7ZT(6)=1514923%
| YY7T(7)=1Q°.9?7409.
; XYZT(8)=258¢9274ey -
XY7T(9)=318e9?27hes
XY7T(10)=37T7e 92 Tlhes
XYZT(11)=42569239¢ 9
XYZT(12)=4T73e92Nbey
XYZT(132)=521e916%e
XYZT(14)=539e91130e0s
XYZT(15)=558e 9564
XYZT(16)=576e9
XYZT(17)=93000e >
NRFAM=15¢RNFPC=1sRNMPC=1,
e e e e St o e IR D L )
PRFPC(1)=1Nneb999e8392%e¢59281 60
BFAM{1)=19241751>s1
BEAM(2)=2439179191
RFEFAM(3)=344e1 79191
REAM(4)=44¢541791s1
REAM(5)=54,69179191
REAM(6)=647917s1s1
REAM(T7)=7T48917s1s1
BRFEFAM(8)=849¢179191
! REAM(9)=9510917s1s1
REAM(1IN)I=1Nel1191791s1
PEAM(11)=116129179101
BFAM(12)=12413417914]1
REAM(13)=13491491791s1
DEAM(14)=14415417911
AFAM(15)=15416917910s1
CIMN(1411=78769-9340
CLMN(261)=257309-186e
(LMD{3971)=25T73e9=18600
CILMD(491)=b65e9=33 70
CILMD(5¢1)=354e9=488e s
CIMN(6411235449=-48840
CILMN( 741121786 9-546hes
CILMD(Bel)=e=6N3 06
CLMN(9e1)=9=6020
] CLMN(1Ng11=<-178e9=5464
| CLMD(1191)1==354e9~488es
9 CLMDE1241)==354e9=0880
CIMND(1341V==lb5e69=23 70
CILMD(14911V==5T7349=-1860
CIMN(]1541)==57349~186e

CLMN(16411==287e9-1860 56
'

DY




4.3.4.4 Results

The moments in in-1b acting on the ends of
elements 1, 3, 4, 6, 7, 9, 10, 12, 13 and 15 as computed by SAP IV are
shown in Figure 38.

23,460 23,460

23,500 23,500

25,050 25,050

Figure 38. Bending Moments - Polygonal Frame (15 Elements)

The maximum variation from moments that would
be computed by a moment distribution approach for the uniform load is
16.3 percent. A more accurate analysis would be achieved if the uniform
load were distributed to more nodes. However, a simpler and more accurate
static analysis is achieved by replacing the uniform load with equivalent
fixed end forces as exemplified in problem 4.3.2. This technique of
expressing a uniform load in terms of equivalent fixed end forces is
recommended in the SAP IV manual as a method by which uniform 1loads
may be specified for a static analysis. However, for a dynamic analysis
(problem 4.3.3); a uniform load must be expressed in terms of nodal forces
and this 16-node model will be used in the subsequent dynamic analysis.

4.4 Response Time History of a Polygonal Frame Subjected to a
Traveling Uniform Load.

4.4.1 Problem Description

The five-sided polygonal frame discussed in pfoblem 4.3
was subject to a pressure wave of magnitude 10 1b/in traveling at 1000
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ft/sec. As in problem 4.3.4, the uniform load was replaced by equivalent
concentrated force acting at 16 nodes (Figure 39).

tAi= Arrival Time Value

Figure 39. Polygonal Frame - Dynamic Loading

The indicated loads are in units of pounds.
4.4.2 Finite Element Model

The same 15 3-D beam elements used in problem 4.3.4 were
used for this dynamic case. Also, the assignment of nodes and beam
elements for this problem was the same as for problem 4.3.4.
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4.4.3 Input Data - Polygonal Frame - Traveling Pressure Wave

NUIMNR=1T7 o MFLTYP=1sNF=1nsNDYN=2
TX(10169171=T1919191slsls

TX(?2 15)=neNslsloeleNys

XY ZT Ly

XY7ZT(2)=1Re 056
XYZT(3)=3Tasl]l13 e
XY7T(4)1=55,9169e0
XYZT(5)=103ea9320bes 1
XYZT(6)=15)¢923%a
XYZT(7)=109¢02Tlas
YY7T(BY=2584¢2 Tlhas
XYZTEt9)Y=318 a2 [he
XYZT(10)=37 7602 Thas
XY7T(11)=625e923%
XY7ZT(12)=4T73e 92040
XYZT(13)=521e916%0
XY7ZTU1l4)=93Ye9 ] 130
XYZT(15)=5584 95609
XY?ZT(16)=6T76e9
XV7T(17)=Nee3NNee
MOEAM=]154RNMPC=14BNFPC=1,
RMDC(1)=2e9F 790397e339FE -t 94?289
REPC(1)=1Neh999e839725e592R] a0
REAM(1)=14291791s1
PEAM(2)1=2e39179161
PREAM(3)=3949179191
AFAM(4)=445¢1T79191
REFAM(5)=54¢He1 79101
AFAM(6Y=64T791 79101
NEAM(7)1=Te891791s1
REAM(8)=H4¢9¢174919]
RFAM(9)=041Ne17s109]
DEAM(TIN)=1Nel119179101
PEAM(T11)=11412e17915s1
REAM(12)=12613917911
AFAM(13)=13e14917911
REAM(14)=14415e179191
NEAM(]15)1=15e169179101
NEN=1sNAT=54NT=50NNsNOT=1N0eDT=4NNN2
ND(1e1)=14)9287e
ND(192)1=141e=93,
NP(261)=1414573
ND([242)=1419s-18ha

RS

S—

———— ST——TAN

| NP(241)=10a14573
! MD(242)1=1e¢14=186K¢
ND(lLel)=1a? 04654




Input Data - Polygonal Frame - Traveling Pressure Wave (concluded)

“01ﬁ97\=1-79—QQ70
ND(5411V=1429354,

- NP(592)=1424-t88e
B MD(F‘.'].,=1Q7Q?C)L‘Q
; NP(A92)=1429s-488,
k” NP(741)=1434178e

NP(762)=1e34=5464

NP(Be2)=1434-6N3,
MP(OQe2)=142¢=6N30
MD(1Ne1)1=1424-178,
MD({INe2)=1eRe=546,
NP(1191)=1049-354,
ND(17102)=1e4e-488,
NP(1291)=194e=-354,
NP(1292)=1949-488,
MP(1391)=10b9=4b6E5e

NP {13e2)=7e4e=2270
NP(1491)=1e54=-573,
NP(14e2)=1954=186,
ND(1501)=1959=5T7T3
MD(1592)=1959=-186e

AP (14591 )=1 95¢=2874
ND(1442)=1454=-93,
AT(1)=0e9AT(2)=e00NT1sAT(3)=eN2sAT(4)=¢0339sAT(5)=40434
"'|.0(1)=791o
T(1e1)=00eeT(192)=24
F(lell=lesf(1le92)=1s
KREK=7%

TECOMP (1 9447e10012916)=1979%96
KK S=2
1S(261)=]14720h079891?2
TS(2e4)=]1 420697989172
TGS(2e7)1=147eH90798917
T1S{2e101=216e7s6979891°2
16(2913)Y=1929697s80912
T6(2415)=1429650 79849172
'
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4.4,4 Results

g, The first part of the results give the first 10 eigenvalues
] and eigenvectors of the frame. Figure 40 shows the first three mode shapes.

Wy ="56.5 Rad/Sec

Py

m3 = 226.4 Rad/Sec
Figure 40. Polygonal Frame Eigenvalues and Eigenvectors
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Time-history response curves for node 7 are shown in Figu
and 42. Components 1 and 2 refer to the x and y motion, respe
The rotation response curves refer to z-axis rotation. The ex
period of vibration for all of these curves is approximately e
the period of the first mode of vibration of 0.1112 second.
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Figure 41.
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POLY. FRAME TRAV. UNIF. LOAD 1000FPS 10 LBS./IN.
NORMALIZED ROTATION RESPONSE AT NODE 7
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Figure 42. Rotation Response




For the time histories shown in Figure 43, component 1 is the
axial force at node 7 and component 2 is the shear force at node 7.
A11 of these components act on element 7.
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4.5 Response-Time History of a Reinforced Concrete Polygonal Frame

h
E &
:
b
i
$

4.5.1 Problem Description

A five-sided polygonal frame with geometry similar to
the frames discussed in problems 4.3 and 4.4 was subjected to a travel-
ing pressure wave. The frame was made up of members that were 2-foot
sections of a reinforced concrete covered corrugated steel arch air-
craft shelter. The cross-section is shown in Figure 44.

3 in 6 in 12 in b in
No. 6
Reinforcing bar
S [ e %
4

12 in PR A ) SNt 30 18 in

14 in
No. 4 Stirrup

No. 4 Reinforcing bar

3/8~in-Diameter Nelson Stud.

Figure 44. Shelter Section

For the analysis an equivalent reinforced concrete section was chosen

by matching flexural rigidities of the uncracked sections. This section
is shown in Figure 45.
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o 3 in *
7% in
14 in
0’ @
-0 :
iu,° 0 '
. 15 in "

Figure 45. Equivalent Reinforced Concrete Section

Steel in the Tower portion of the model with an area of 5.22 in?
was selected to match the area of steel in the corrugated steel panel
and was placed at a position which coincided with the center of gravity
of the steel panel. It should also be noted that the area of concrete

in the lower portion of the model was equal to the area of concrete in
the steel panel.

The approximate moment of inertia of the shelter section cast in
the corrugated steel panel was determined by transforming the rein- ]
forcing steel and panel steel into an equivalent amount of concrete. ]
Two methods were used. The width of the cross-section was treated as 24 g
1/2-inch wide strips. Using this technique, the moment of inertia of an
uncracked 2-foot wide section of the shelter was computed to be 56,034
in*. The moment of inertia of the uncracked equivalent reinforced section
(Figure 45) is 58,665 in*. This is a difference of only 4.5 percent.
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The method for selecting the equivalent stiffness of a concrete
section to use in a dynamic analysis has previously been discussed.
Using these procedures an effective stiffness of 36.189 in"* was usgd.
along with an area of 711.8 in?, a torsional rigidity of 20,000 in* and
a weak axis flexural rigidity of 20,000 in*. It should be noted that
the latter three values do not affect the results of this analysis.

The pressure wave used for the analysis was selected to model the
free field overpressure data traces from the mixed company event at a
range of 600 feet. The wave selected had a maximum pressure of 36.7 -
psi, a duration of 160 milliseconds and a velocity of 2000 ft/sec.
The wave chosen is shown in Figure 46.

40 _|
Can ]
-—
a
— 30 _J
Q
} =
a
w 20
O -
S
(=%

10 -

' L L) ) e L 1 L | N | ] LI l T l. N
50 100 150

time (milliseconds)

Figure 46. Pressure Wave

For the 2-foot wide section, the peak pressure of 36.7 psi was
equivalent to a uniform load of 881 1b/in, which was replaced by

B
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é ! equivalent concentrated forces acting at 16 nodes. These equivalent
forces are shown in Figure 47 and are also in pounds.

o
N,
25240—%

Figure 47. Equivalent Nodal Forces - Concrete Polygonal Frame

The arrival times in seconds, of the wave traveling at 2000 ft/sec are
also indicated in the sketch.

4.5.2 Finite Element Model

The same 16 nodal points used in problems 4.3 and 4.4
were used for this analysis. Fifteen 3-D beam elements were used to

model the five-sided polygonal frame.




4.5.3 Input Data - Concrete Polygonal Frame - Dynamic

HEANDFR=%¥POlL.Ye FRAME MIXED COMPANY 600 FTe 2000 FPS
NUMNP=17eNFLTYP=1¢NF=10eNDYN=2
ITX(1916e17)=1910101s1s1
IX(2 15)=nsNslslselsen
XY¥ZTtL)=
XYZT(2)=18e9564
XYZT(3)=37e9e1130
XYZT(4)=554916G
XYZT(5)=1Nn3e920be
XYZTLOr=18T e §239%
XYZT(7)=109¢92Tbe
XY7T(B)Y=26844274ba
XYZT(9)=318e¢9274e

A XYZTIIN)=3T7Te927ke
XYZT(11)=42549239

= YVZ2TU12V=hT72;. 420k,

XYZT(13)=521e9169
XYZT(14)=52044113
XYZ2T(15)=56584 956
XY7ZT(16)=5T76e9 ;
XY7ZT(17)=Nne93NNes
NARECAM=T154nNMVPC=]1«RNFPC=T o
OMPC(1)1=3,A44F6heealTel2elT16F=by N8R9
PEFPC(1)1=7116e89992N00Ne 120N0Ne+3A180 44
AFEAM(1)1=14e201791?
AFAM(2)=24391T791s1
REAM{(3)=3e¢l 917011
AFAM(4)Y=645¢1T9ls1
RFAM(5)1=546917s1s1
AFAM(61=64T91Telsl
REAM(T7)=T489¢1791s1
REAM(8)1=849¢17s101
DEAM(9)=941Ne]1T7sls]
REAMIINI=T1Ne]l 1179191
AFAM(11)=11e1291701s1
AREAM(12)1=12¢13¢179101
PEAMI12)=139]1be]lT79]1s1
REAMI14)=14915%9179101
REAM(15)=1541691791 01
NFN=1sNAT=5e¢NT=200 s+ NOT=24¢DT=4001
NP(1e1)=141e252404

] NP(16e2)121419=82N0e

3 MP(261)=1e1e504806

MP(2642)1=1619=1640N,
NP(2¢1)=191950480
MP(3¢2)1=1e1e~1640N,
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Input Data - Concrete Polygonal Frame - Dynamic (Concluded)

NP(4e1)=1942940840.

NP(492)=1429=296T704

NP(541)=142e212000e

NP(542)=]1429e=429L0,

ND(Ae1)=142921200

NP(692)=1929-42940

NP(791)=1434156N00,

NP(792)=1929=48010e

ND(Be2)=1424-53080N, 1
NP (042)=14249=-53N8N,

NP(1Nn91)=1
ND(1Ne2)=1
NP(1191)=1

NP{11e2)=1
NP(1291)=1
NP(1292)=1
NP(1391)=1
NP(13+2)=1
NP(1491)=1
NP(1492)=1
MD( 1541 ) =1
ND(16¢2)=1
NP (1691)=1

929=156N0e
+2e=48010Ne
slhe=312NNe

o be=l296N,
949—312000
9/ e=L294L0 e
2l 9=0NB4LO e
24 9=296T70
959=50480e
OC’Q—] 6&00.
+s5e=5N4L8Ne
9c9‘1640ﬂo
s59=28240,

NO(1hAe2)=1954=8200s
AT(1)=0AT(2)=eD023 AT (3)=aN083sAT(4)=e0N LS5 TeAT(D)=e0cl
NLP(1)=5914
T(191)=0esT(192)=e02591(183)=e089T(1s4)=e169T(195)=e2b
F(lel?=]oeaF(192)=e545eF(1193)=el1359F(144)=0e9F(195)=0e
KKK=2e15P=1 :

TCOMD 4 g7 4849)=142

KK s§=2

TS(291)=)9286597989172

1S(2e6)=1429e6H9798912 ~

TS(2e7)=1e2eb97988s12

TS(291N)=142969798412

TS(2913)=14296978412

TS(2915)=192969798912
'




2 B S ORI gy 1 gy 0 UL I vt /3 iRt Sl e g Gala
e N e 0 0 R R W 11"‘—({."”. ’ - S

4.5.4 Results 1
The first part of the results gives the first 10 1
eigenvalues and mode shapes. Figure 48 shows the first three mode shapes '
and frequencies.
7
a2
a
$
!
|

3 = 111.1 Rad/sec

wa = 203.5 Rad/sec

Figure 48. Concrete Polygonal Frame
Eigenvalues and Eigenvectors
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The first natural frequency of the reinforced concrete polygonal
frame was 50.9 rad/sec.

The first natural frequency of the steel polygonal frame was 56.5
rad/sec. The natural frequency of a beam is given by

f = n? o/fI/AN

n

The members of the steel frame had properties: E =29 x 10° psi, i
I =281.0 in*, A = 10.6 in%and ) = 0.289 1b/in3. 1

The quantity under the radical is equal to
VEI/B) = 5.158 x 10

The members of the reinforced concrete frame had properties:

E

3.64 x 10° psi, I = 36,189 in*, A = 711.8 in?2 and
0.0839 1b/in3.

A

The quantity under the radical is equal to
JEI/AX = 4.696 x 10*

The results of problems 4.4 and 4.5 are shown to be consistent since

wgt/weone = 1-11

and

AI/A\ st _ 1.10

/E1/A\ conc s

As a further example of the results consider the displacement
response history at node 7 as seen in Figure 49. Components 1 and 2
correspond to the horizontal and vertical displacements, respectively.
The horizontal displacement has a period of 0.125 second which com-
pares well with the expected period (from first node) of 0.123 second.

ad
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POLY. FRAME MIXED COMPANY 600 FT. 2000 FPS ‘j i
NORMALIZED DISPLACEMENT RESPONSE AT NODE 7 »
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Figure 49. Displacement Response History
Concrete Polygonal Frame
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5. Plates
5.1 Square Plates
5.1.1 Load Functions
A simply supported square plate is subjected to the
following loads:
Case 1. Static point load at center -
Case 2. Dynamic point Toad at center with the time
history shown in Figure 50
Case 3. Static uniform pressure
Case 4. Dynamic uniform pressure with the time history
shown in Figure 50
P.F 4
|
|
|
1~ o >
0.002 0.01 t, o
Load - Time History
Z L
7
F(1b)
: 1/4(in)
1/4(in
i /{( ; P(psi) _L

Figure 50. Square Plate - Static and Dynamic Loading (Continued)
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= __.__.-«-....—L_ g

Aty

y ?#y
20 in
40 in 40 in
20 in
40 in VF 40 in
Point Load Distributed Load
x 3
Material: Steel

- Figure 50. Square Plate - Static and Dynamic Loading (Concluded).

5.1.2 Finite Element Model

Since this plate is symmetrical with respect to the
x-axis and the y-axis with origin at the center, one-quarter of the
plate is sufficient for this analysis. Four thin plate elements were
used with the location of nodes and elements shown in Figure 51.

FINITE ELEMENT MODEL

7 3 9]
@ 10 in  Numeral - Nodal
@ number
5
4 —6 ] 0 - Plate element

number

@ @ 10 in

10 in | 10 in

Figure 51. Element Assignment - Square Plate
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5.1.3 Input Data - Case 1 - Static - Point Load at Center

HEADER=%STATIC ANALYSIS OF SIMPLY SUPPORTED RECTANGULAR PLATE
NUMNP=G 4NFLTYP=1sLL=1>
ITX(1)=NeloleNslol
IT¥X(2)=0eNeNeNslsl
IX{2)=0sNs(0slslsl
IX(4)=0s1eleNeNsl
TX(5)=09NsNsNsNs
i IX(6E)=NeNeNelsNel
| ITX(7)=191919e09091
IX(8)Y=1eNaeleNeNsl
ITX(9)=19NalslsNsl
XYZT(1)=20e
XY7ZT(2)=2Nee10es
YV7T(3)=?’\.9700
XY7T(4)=1Nnes
XYZT(5)=1Nes10e>s
XYZT{6)=1Nes20es
XYZT(7)=
XYZT(8)=910.
. XYZT(9Y=2e204
] NPLATE=4sPNDM=1,
3 ; PMPTI(1)=enNNT734699993e375F791el25E7093e37T5E7991el125FE7
PLATE(] 4y=e25
J.DLI\TF(I‘=1 Q?’%’A’,]
i ; TPLATF(?2)Y=29296059 1
! TPLATF(3)=64598979s]
' TPLAT 14125464998 091
CILMD(391)=99=250

SRSt




5.1.4 Input Data - Case 2 - Dynamic - Point Load at Center

i HEADER=#%DYNAMIC ANALYSIS OF A SIMPLY SUPPORTED PLATE

| NUMNP=9Q ¢ NFLTYP=Z1sNF=1nsNDYN=2,

| TX(1)Y=091ealsNslsls XYZT(1)=2Nes
TX(2)=09NaNsNs1s]s XYZT(2)=20e910e

i TX(3)=N9eNeNalslslos XYZT(3)=2Ne97Nes
TX¥X(4)=NalelaNsNsels XYZT(4)=10ey
ITX(5)=0sNeNsNsNsloe XYZT(5)=10e910es
TX(A)=N9NsNaleNslys XYZT(6)=1Ne9s2Nes
TX{7)=1elalsNsnNslos XYZT(T7)=
TX(R)=1eNeleNsNsly XYZT(8)=Nes1Nes
TX(9)=19NalsleNsls XYZT(9)=Ne920Ne s

NPLATE=4sPNDM=1
PHPTI(1)=an00T734699993e375F7T91el29E7993e375ET99lel20b 71y
PLATE(]1 4)=4e25)
TPLATE(]1)=19295949910
TPLATE(2)=2939695991
TPLATE(3)=44598e79910
IPLATE(4)=5969998991
TEPR=1 4NFN=T14NT=1nNN0sNOT=10eNT=4NNN1
ND(3¢43)=] ¢g01eNos
NLP(1)=49-275,
| T(101)=0eeT(192)=eN029T(193)=e019T(194)=160
f F(1911=0esF(192)=1a0sF(193)=0esF(1s4)=0as
K KK=22
TCOMP(1 91=19293049546
KKK G=2
TS(6911=192e30bebHeh
TS{Ae2)=1a229294 9596
TS(6e3)=]1ea2e34/1a54h
TS(Ael)=1 42920195496
'

s -
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5.1.5 Input Data - Case 3 - Static Uniform Pressure

HEADFR=%STATIC ANALYSIS OF SIMPLY SUPPORTED RECTANGULAR PLATE

NUMNP=9 o NFLTYP=1osLL =1
TX(1)=091910091s1
ITX(2)Y=09sNaNsNelsl
TYX(3)=NsNeNslslsl
ITX(4)Y=091aleNsNsl
IX(5)=09NesN9sNeNs]
IX(H6)=0D9NaNslsNs
ITX(7)=191aleNsNsl
IX(8)=19Nel9NsDs1
IX(9)=19NalsleNsl
XYZT(1)=2ne
XYZ2T(2)=20e3104>
XYZT{(3)=2Nnee20e
XYZT(4)=1Nnes
XYZT(5)=1Nes10es
XYZ2T{61=1Ne920es
XYZTCTY=
XYZT(8)=910e
XYZT(9)=e20e
NPLATE=4¢4PNDM=1 o
DF‘L?\,‘[ =1.

PMBT(1)=en0N734699993e375F791e125E7993e375E7991e125E7

PLATE(] 4126259254
TPLATE(1)=19295949 41
TPLATE(2)=2943s69591
TPLATF(3)1=445989¢7941
TOLATEF(41=596e998041
FIM(1)=1eo

)
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5.1.6 Input Data - Case 4 - Dynamic - Uniform Pressure

HEFADFR=¥DYNAMIC ANALYSIS

QF A SIMPLY SUPPORTED PLATE

NUMNP=Q ¢NFLTYP=1sNF=10sNDYN=2s

IX(1)=00leleNslsls
IX(2)=09Ns 009191
TX(3)=0eNeNslolsls
TX(4)=0sleT a0l
IX{5)=0DsDs0sNsNsls
IX(A)=0eNeDslsNsls
IX(C7)=191e1909091>
IX(8)=)9NsleNsNsls
TX(9)Y=19NalsloNslys
NPLATE=49+PNDM=1 4

XYZT(1)=20e
XYZT(2)=20e9104 9
XYZT(3)=20e9204e
XYZT(4)=10a>
XYZT(5)=10es104s
XYZT(6)=1Ne 920>
XYZT(T7)=
XYZT(8)=0Nes1Ne s
XYZT(9)=0e920a s

PMPI(1)=enDNT734699993e375FT91el20E7993e375ET7991el22E(s

PLATELY 43)=425

TPLATE(1Y=1929594991
TRLATF(2)Y=2e396959 41
IDLATE(3 )= e5 9897991
TRPLATFE(4)Y=54699989 91

TEPR=14NFN=1sNT=1nNNsNOT=10+DT=0001

NP(143)=149~-62e5
ND(2¢3)=]149~1250
NP(343)=]149-62e5
NP(493)=199=1250
NP(543)=1a9-250Ne
NP(F93)=149-1250
MP(793)=1e9=h2eb
MP(RBe3)=1a9e=-125,
ND{Qe¢33)12T 4 9=B2eb
'\H‘p(])=l¢91 .

T(191)=206esT(162)=60025T(13)=e015T(104)=140
Ffloli=0esF(1s2)=160sF{163)=0esF (1es4)=04

vKK =2

TCOMP(1 91=192939495406
KKK S=2
TS(691)1=10e293sL9596
TS(Ae2)=1429394s596
TS(6e3)=1a7e3s49596
TE(heh)1=1429304L9546

'
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i 5.1.7 Results
I £ Case 1 - Static
2 SAP IV Thin Plate Theory
- K = L
E § Maximum deflection 20.3990 x 107 in  -0.4223 x 107 in (¥
e 1 (at center)
| ] Bending moment at MXx = Myy = -1.136 Mxx = MMY = -0.9831 -
2 x =15 in, y = 15 in x 10 1b-in x 10 1b-in (4)
§ § (Resultant in Element 2)
. &
E ¢ Case 3 - Static
E ] Maximum deflection -5.2135 in -6.0434 in (5)
E | (at center)
‘ % Maximum bending moment 1481 1b-1in 1916 1b-in (5)
. (Resultant in (at center)
Element 2)
4 Fundamental Frequency for Symmetric Model (rad/sec)
| Mode Number SAP IV Thin Plate Theory!®
1 0.1936 x 103 0.1908 x 10°
2 0.9469 x 103 0.9539 x 10°
3 1.358 x 103 L7217 % 18°

Displacement - Time Histories

The response of the center of the plate for the
two dynamic Toad functions is given in Figures 52 and 53.

4Timoshenko, S., and Woinowsky-Krieger, S., Theory of Plates and Shells, 3
Page 143-149. ,

5Szilard, Rudolph, Theory and Analysis of Plates, page 650.

6Clark, S. K., Dynamics of Continuous Elements, page 172.
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DYNAMIC ANALYSIS OF A SIMPLY SUPPORTED PLATE
NORMALIZED DISPLACEMENT RESPONSE AT NODE 3
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5.2 Square Plate with Two Reinforcing Ribs
5.2.1 Load Functions

A simply supported square plate with two reinforcing
ribs (Figure 54) is subjected to the same loads as problem 5.1.

z 7 i
F(1b) 2 in ks
l P(psi)
11 R —-1 L
s e = >y
j 1/4 in
1/4 in
; —»y Yy
20 in 20 in
u |
20 in 20 in
? 20 in 20 in é 20 in 20 in

Case 1 Case 3

Material: Steel

Members: 40 in x 40 in x 1/4 in plate
2 in x 2 in x 40 in box beams
with a wail thickness of 1/4 in.

Figure 54. Square Plate with Two Reinforcing Ribs
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5.2.2 Finite Element Model

Due to symmetry, a quarter of the plate is considered
for this analysis. A group of four thin plate elements and four 3-D
beam elements is used with the location of nodes and the elements
shown in Figure 55.

Numeral - node numper

O - plate ele-
ment number

A- beam ele-
ment number

Figure 55. Element Assignment Two-Ribbed Plate

{
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5.2.3 Input Data - Case 1 - Static Point Load - at Center

HEADER=%STATIC PLATE wITH REINFORCING RIBS
NUMNP=9Q 4yNFLTYP=24slLL=1
IX(1)=091919Ns101>s
TX(2)=ND9NaNeNslsls
TX{3)=09NsNslslsls
IX(4)=09l9leNDeNsls
IX(B5)=N9NeNDeNsNsly
IX(6)Y=NeNeNalaeNele
TX(T7)=TelslaNsNsls
TX{R)=19NaelaNeNaly
TX(9)=19NelslsNsloe
XYZT(1)Y=2ne
XYZT(2)=2Nes10es
XYZT(3)=2Nne920e
XYZT(4)=1Nnay
XYZT(5)=1NneslDe>

XYZ2ZT (6)=10es9Z20es

XYZT(T7)=»

XY7ZT(8)=s10ey
XY7T(9)=e7Nge s

NREAM=¢ ,RNF'D(':] ,PNNDC:I 0
BRMPC(1)=3,F7963339e0007346
RFPC(1)=e79590993e03959e¢382+e3873
REAM(1)=14294910910%
RFAM(2)=2939e49191>
RFAM(3)=346s4919]
REFAM(4)=549949]1 910

NP ATE=44PNDM=1»
PMPI(1)=en00NT7346990993e375F (9lel29ET903e375FTo9lel?22E(
PLATF(1 4)=425
TPLATE(1)=1929594091]
IPLATE(2)=243369594]1
TPLATF(3)=4+59897991
TPLATE(4)=59699489 41
CLMD(391)=99-25,




5.2.4 Input Data - Case 2 - Dynamic Point Load at Center

HEADER=%DYNAMIC ANALYSIS OF A SIMPLY=-SUPPORTED PLATE w 2 REINe RIB*
NUMNP=Q oNELTYP=2sNF=109"DYN=?
TX(1)=0elalsNelsls XYZT(1)=20,
TX(2)=09eNaDsNoelsls XYZT(2)=20e9100e
IX(3)=0sNsNslolsls XYZT(32)=20e9200 s
IX(4)=D91e1s0Ds0Ns1s XYZT(4)=10es
TX(B)=NsNsNsNsNss XYZT(5)=10e910e s
TX(A)=0sNaNsleNsls XYZT(6)=10e920e s
IX(7)=191ale0sNs1s XYZT ()=
TX(8)=19NeleNsNsls XYZT(8)=Nes1lNes
IX{9)=19NeloelsNselys XYZT(9)=04e9200e >
NAFAM=4 4RMEFPC=] oRNMD(C=1],
BMPC(1)=3eF79e3339e00n7346
AFEPC(1)=e795999¢03999e383963873
REAM(1)=0142eb491s1

RFEAM(2)=2+e39491s1

REAM(3)=346949191

REAM(4)=64994 9] 1

NDLATE=4+4PNDM=1
PMPI(1)=enNDNT34699993e379FET9lel?20ET993e370ET99lel?25F7
PLATE(]l 4)=425

TPLATE(1)=19295949091
TPLATE(2)=2939695941

TPLATF (3)=4e5989 791
TPLATE(4)=546999e89s91

TEFPR=T sNFN=1sNT=1n000sNOT=10sDT=a0001

NP (243)=14a91e

NLP(1)=b4e-25,

Fileli=0wsT (192)=260025T(1953)=e0sT(Lsk)=ly
Fllsl)l=0DesF(192)=169F(193)=0esF(194)=0s
KKK=?

JCOMP(345)=73

KKKS=2
T€(242)=1429390:95469798849¢1Nallsl?
TS(6s7)1=1e293 949546

'




5.2.5 Input Data - Case 3 - Static Uniform Pressure

HEADER=%#STATIC PLATE WITH REINFORCING RIBS
NUMNP =9 JNFLTYP=2sLL=1
TX(1)=09191909191
TX(2)=NDsNeNeNoslsle
TX(3)=0sNsNalslsls
TX(4)=NeleleNsNals
IX{5)Y=NeNeNsNeNsls
IX(6)Y=09Ns0s1lsNsls
TX(7)=1alalsNeNsls
IX(8)=1aNslsDesNsls
IX(9)=T9eNeleleNels
XYZT(1l)=2n.
XYZT(2)=2Nes10es
XY7T(3)=2Ne9s”?2Nes
XY7T(4)=1Naes

XYZT(5)=1Nnes10es

¥XY7T(6)=1Nes?20es

XYZT(T7)=s

XYZT(BY=910Nes

XYZT(9)Y=92Nas

NREAM=8 yRNFPC=2 sRNMPC=1,
RMPC(11=3e4F 7903339¢00N7346
PEPC(1)=e795999e¢03959638%94383
REPCI2)=1459999¢07%90a 76694166
REAM(T1)=]142eb49] 91899099
PEAM(3)=34694 9101990999973
REAM(5)=2 4597919209009 9¢73
AFAM(T7)=4459T791 92999598991
REAM(8)1=546979192
NPLATFE=4sPNDY=1
PMPT(1)=en0DNT36699993e375FTelel?20t 799363755794l el29E7
TPLATE(1)Y=1e2959b94¢1 41

‘PLATF(] 4)y=425

TOLATE(1Y=1e29594991 061

TPLATE(3)=4959897991 091
IPLATE(4)=54699989 41

CLMD(391)=99=2b500
'




5.2.6 Input Data - Case 4 - Dynamic - Uniform Pressure

HEADER=%¥DYNAMIC ANALYSIS OF A SIMPLY~SUPPORTED PLATE WITH 2 REIN
NLIMNP=Q 4y NFLTYP=2 ¢ NF=10sNDYN=2 r

TX(1)=091e1909191s XYZT(1)=20e>

ITX(2)=D9eNaNsNolslys AYZT(2)=20e9106 s

TX(3)=0N9eNsNols191s XYZT(3)=20e920e >

IX(4)=N09141eNsNsls XYZT(4)=10e s

IX(E)=0eNsDsNsNsls XYZT(H5)=10es10es =
IX(6)=09NsNesloNsls XYZT(6)=1Nes2Nes

TX(7)=191laleNsNsls XYZT(T7)=

TX(8B)=T9NeTl aNosNslo XYZT(8)=Ne91Ne s

ITX(9)Y=19Na1e1loNsly XY7ZT(9)=0e92Ne >

NMPFAM=4 o RMMPC =] ¢BNFPC=1 b
OMPC(1)=3,F790e3339.N0NnT7346 :
REPC(1)1=e795999eN3959e3834,383

RFAM(T1)=142eb491s1

RFAM(21=2434b49191

RFEAM(3)=23469491091

REAM(4)=6999491s1

NPLATE=49PNDM=1
PMPTI(1)=enNNT7234699993e375ET791el125E7993e¢375ET79s1e125E7
PLATF (1 &4)y=425

TPLATF(11=1929590b9 ]

TPLATE(2Y=2 933 9h 959 9]

TPLATF(3)=b o5 98e 7941

TPLATFE(4)=546999894]
TEFPR=14NFN=14eNT=100NsNOT=10eDT=,0nNN1

NP(143)=149-62e5

ND(243)=149-125,

NP(393)=199-6265

NP(493)=149-125

NP(5¢3)=149=25N0

NP(693)=1e9-1254

NP(793)=1e9=-h2e5

NP(B84¢3)=14e=-1754

NMD(Qe3)=]4q9=62e5

NLP (1 )=bs1,
T(191)=0esT(192)=eC02sT(193)=e01sT(1ls4)=140
F(101)=00sF(192)=1e0sF(193)=0asF(194)=0e0>

KEK=)

TCOMP(3451=3,

KKK G=2
TG(262)=14720300959697389991Ns1lsl2s

1S(692)=1a2e39L95060
'
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5.2.7 Results
Case 1 - Static - Concentrated Load

-2.695x10"% 1in

Maximum Deflection (at center)

Maximum Bending Moment

(at center in beam element) 2.347x10% 1b-in

Case 3 - Static - Distributed Load

Maximum Deflection (at center) -0.3774 in

Maximum Bending Moment (at center g
in beam element) = 2.526x10" 1b-in

1 Plots of the deflection-time histories for the
dynamic loads are given in Figures 56 and 57.
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DYNAMIC RNALYSIS OF A SIMPLY-SUPPORTED PLATE W 2 R
NORMALIZED DISPLACEMENT RESPONSE AT NODE 3
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Figure 56. Time History of Plate Center - Point Load
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DYNAMIC ANALYSIS OF A SIMPLY-SUPPORTED PLATE WITH
NORMALIZED DISPLACEMENT RESPONSE AT NODE 3
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5.3 Square Plate with Six Reinforcing Ribs

5.3.1 Load Functions

A simply supported square plate with six reinforcing

. ribs (Figure 58) is subjected to the same loads as problem 5.1.
% F - A z ] = #z ;
E | F(1b) P(psi) 5
| I I I I O | I&zl o I‘il in 2 A
. T—-" y ‘*T“"'
Y in % in
- 4 '
10 in 10 in
10 in- ‘ 10in
10in 10in 1
] 10in oE 10 in ‘
10 in . H—ie—bie—>| j0in 5 :
Point Load Distributed Load 4
i
Material: Steel Members: 40 in x 40 in x % in plate ﬂ

2 in x 2 in x 40 in box beams
with wall thickness of 4% in

Figure 58. Square Plate with Six Reinforcing Ribs




5.3.2 Finite Element Model

Again, only one-quarter of the plate is necessary for
this analysis. A group of four thin plate elements and eight 3-D beam
elements is used with the Tocation of nodes and the elements shown in
Figure 59.

Numeral - node number

O - plate element
4 &% 6# number
N

@ A - beam element

number

Figure 59. Element Assignment - Six-Ribbed Plate
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5.3.3 Input Data - Case 1 - Static - Point Load

HEADER=%#STATIC PLATE WITH REINFORCING RIBS
NUMNP=9 ¢y NFLTYP=2sLL=1
$ TX(1)=N9lelaNoelslos
TX(2)=NeNaNsNslols
‘ TX(3)=NsNeNslsloels
{§ TX(L)Y=N9T1 el eNeNely
: IX(5)=N9NeNsNsNslos
TX(A)Y=09eNeDsloNsls =
TX(7)=1914109sNsls
: TX(8)=19N9sleNsNoly
| TX(9)=19Nsl9leNsly
4 XYZT(1)=2ne
XY7?7T(2)=2Nnes10es
XY7T(3)=2Nnea 206
XYZT (4 )=10nes
YY?T(R’=1’\..]0.9
XYZT(6)=1Nnee?Nes
XYZT(T)=0
XY7ZT(8)=910Nes
YV7T(Q)=97’\..
MRFAM=R JRNFDC=2 yANMPC=1 s
RMDC(1)1=3,F7463329eNNNT346
BFPC(1)=e795993e03955¢38344383
BEPC(2)=1e59999360799e7660eT766
| PEAM(1)Y=1e7¢4 971019009990
j BEFAM(3)=34h94919]1 999999973
{

PEAM(5)=245979192999995973

REAM(7)=b¢5479192990099s]1

PEAM(B8)=54heT79197

MPLATE=4¢PNDM=
ODMPI(1)=enN00734699902e375tT791el25C7993e375E790s]lel?25t 74 '
DEI.ML=1es

BLATECT 4y24259=05,

TPLATE(1)=1929594991s1

TPLATE(3)=495989T991s1

TPLATE(L)=59699 98991 i
TPLATE(4)=5e469998991 0 {
FIM(1)=1aes

'

N

R

e A3

94
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5.3.4 Input Data - Case 2 - Dynamic - Point Load

HEADER=¥DYNAMIC ANALYSIS OF A SIMPLY SUPPURTED PLATE w REIN KIBS
NUMNP=Q gNFLTYP=24sNF=1nsNNDYN=2»
TX(1)=09el91eNslsls XYZT(1)=20e
IX(2)=NeNsNaNslels XYZT(2)=20es10es
IX(3)=09Ne0Dslslslos XYZT(3)=20e920e
TX(4)=D91e19090Ns1> XYZT(4)=10es
IX{B5)=09NsDsNsNsls XYZT(5)=10e910es
ITX(A)=NeaNaNaslaNsls XY7T(6)=1009?”.9
TX(7)=191laleNeNsls XYZT(7)=
TX(RB)Y=19sNealeNsNsls XYZT(8)=Nes1Nes
: IX(9)=19NselalsNsls AYZT(9)=0e920Nes
E NREAM=8 4RNEPC=2 yBNMPC=1
: AMPC(1)1=3,F794333940007346
RFPC( 1)=-79599Q.03059.3839.383
RFEFPC(2)=1e45%999e07%9e 7669766
NEAM(1)=1e29l4 919100999991
AFAN(3)=3 46949191 999999973
REAM(5)=2e5eT7919299999993
BFAM(7)=44597919299939991
: RFAM(B)=D¢697919?2
| NPLATE=4sPNDM=1
’ PMPI(1)=en0NT734699993e375FT91el25E7993e375ET991el25E7s
PLATE(19344)=e25 ' .
TPLATE(1)=1942950b499191
TPLATFE(3)=4959e89799101
ITPLATE(4)=5469998991
TFEFPR=1eMN “N=14NT=1000sNOT=10sDT=6e0001
ND(3¢43)=]1941
NLP(1)=be-26,
T(1911=NesT(192)=eN029T(193)=e019T(1s4)=1,
F(191)=NesF(192)=1eNsF(193)=NesF(1s4)=0s
KKK=2
TCOMP(L 91=1929390495506
KKK S=2
1S(2901)=122939049596979899910911412
TS(2e2)=1420394 959697989991 Ns11412
! TS(293)=1420394959697989%¢1N911412
. TE{2e4)=142039L959F 07984941 Nes11,412
TG(295)=192e394L4 95969 79899e1Nellal?2
TG(2e6)1=19293949596979899910911412
TS(297)=1929394959697980991N911412
e T5(298)=1e76394959607989991Ns11,412
TE(Ee1)1=142e3 969596
TS(he2)=142939L9596
TS(6e31=1e793949596

TC(Ahe4)1=142e3 909546
'

o s i b s

e
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5.3.5 Input Data - Case 3 - Static Uniform Pressure

HEADER=%STATIC PLATE WITH REINFORCING RIBS
NUMNMP=Q ¢NFLTYP=2,L1 =1
ITX(1)=091e1 909191
TX(2)=NDeNeDsNs1sls
TX(3)=NeNeNalslely
TX(4)Y=091els0DsNsly i
TX(5)=NeNaNeNsNsly
IX(6)=09NeNslesNsls
IX(7)=191eleDsNalys
ITX(B)=19NeleNoeNslo
IX(9)=T19eNs1sleNsls

XYZT (1l y=2ne

XYZT(2)=2Nnes1Nes
XY7ZT(3)=2Nes?Nes

XYZT (41 =10es

XYZTF o y=koye s 1 Qs

XYZT(6)=1"ea 9206

XYZT(T7)=»

XYZT(8)=910es

XYZT(9)=920a

NRFAM=4 gRNFDC=] $RNMPC=1
RMPC(1)=3eF7903334eN0NT730LA
PEPC(1)=e795999eN39544383,,383
REAM(1)=142049]91

; ] REAM(2)1=24¢34491 9]

i RFEAM(3)=346949191
AFAM(4)=64T9b 9]0l
NPLATE =4 4DNDM=1 4
PMPI(1)=en00734€E 999933759t 70]lel25E 79933 75ET09lel25E7
TPLATE(1)=192959491
TPLATE(2)=293 9595941
IPLATE(3)Y=445948 97941
TPLATE(4)=5469998941

DEI ML.=) ey

PLATF(] 41=24259-25,

FLM(1)=1es
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3 5.3.6 Input Data - Case 4 - Dynamic - Uniform Pressure
t . HEADER=%#DYNAMIC ANALYSIS OF A SIMPLY SUPPORTED PLATE wITH REIN
, NUMNP=9 sNELTYP=2sNF=10sNDYN=2
: IXt 19201 el a0l sl X¥ZT Cl =20
k IX(2)=03050s09151> XYZT(2)=20e910as
- § IX(3)=09Ns0Nslslsls XNZTE2) =20 9209
IX(4a)=0sle1eNsNsls XYZT{4)=10e s
g | IX(B5)=09sNeNsNsNsls XYZT(5)=10e910e>
f i TX(6)=0sNsNals0s1s XYZT(6)=10e320e9
i TX(7)=1s1415N0sNsls XYZ TCy=
b | IX(8)=1sNalsNsNslys XYZT(8)=0es10Nes i
a2 TX(9)=13s0s15190515 AYZT(9)=0e3200 s
E | NRFAM=8 4PNERC=2 sBNMPC=1,
B | ABMPC(1)=3,F79e33234e0NNT72346
i PFPC(])=.7Q‘390.90.’.0395,.38?g.283
: BFPC{2)=1,5%94003003e0795476636766
1 . REAM(1)=1929%4919199999991
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5.3.7 Results

Case 1 - Static - Concentrated Load

Maximum Deflection (at center) -0.1454x10" % in

Maximum Bending Moment (at
center in beam element) 1.637x10% 1b-in

Case 3 - Static - Distributed Load
Maximum Deflection (at center) -0.19624 in

Maximum Bending Moment (at node 3
2, or 5 in beam element) 1.585x10" 1b-in

- The displacement responses at the center node for the
two dynamic forcing functions are shown in Fiqures 60 and 61.
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~time history shown in Figure 62.

5.4 Thick Rectangular Plate Analyses Utilizing Thick Shell Elements

5.4.1 Load Functions

A simply supported rectangular nlate is subjected to
the following loads:

Case 1. Static point load at the center of the top face, and

Case 2. Dynamic point load at the center of the top face
with the time history showr in Figure 62.

Case 3. Dynamic uniform pressure on the top face with the

Force%
L P
0.006 t, sec
z z
F(1b) :
1 in 1 in
* i |
]
v | gy
Y
‘ y
30 in
0 i 60 in
20 in
—— s s
r 40 in 40 in
X Point Load X Distributed Load

Figure 62. Thick Rectangular Plate - Static and Dynamic Loading
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5.4.2 Finite Element Model

Due to symmetry one-quarter of the plate is adequatc
for this analysis. A group of four thick shell elements is used
with the location of nodes and elements shown in Figure €3.

Node Number
Element Number |

Numeral

O

Figure 63. Element Assignment - Thick Plate
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Results
Case 1 - Static - Concentrated Load
- 0.031335 in (SAP 1V)

Maximum Deflection:
- 0.036768 in (Thin Plate Theory)

The displacement response curves at the centroid: for
the two dynamic forcing functions are shown in Figures 64 and 65.
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6. AIRCRAFT SHELTER COMPONENTS
6.1 Static and Dynamic Analyses of 24-foot Radius Arch
6.1.1 Introduction

A 24-foot radius arch was chosen to represent a segment
of a typical aircraft shelter and was composed of reinforced concrete
that was equivalent to the reinforced concrete covered doubly corrugated
steel panel of a hardened aircraft shelter. The cross-section of the
shelter that was modeled is the same as that shown in problem 4.5.

6.1.2 Six, 21-node thick shell elements were used to model
the arch. A typical thick shell element with the location of the nodes
and the natural coordinate system is shown in Figure 66.

Figure 6€. 21-Node Element

The assignment of nodes and elements for the model is shown in
Figures 67 and 68. The node point coordinates were input in terms of
cylindrical coordinates and converted to the x, y, z coordinate system
shown in the figure by SAP IV, which uses the following relationships:

x = R(sind), y =y, z = R (cosh)
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For the arch, an equivalent thickness was chosen to match the
: flexural rigidity in the circumferential direction of a hardened
' & aircraft shelter. Using the relation I =(b/13 h®, with an I of 36,189

e o i S S g

i in* and a width of 24 in results in an
| 1 : £ ]
‘] h of ¥12(36189 in") _ 26.25 in i
! § 24 in
{ § 3
6.1.3 Static Analysis of 24-foot Radius Arch
| § For the static analysis the arch was loaded with a

uniform pressure of 36.7 psi. This pressure approximated the peak free-
field overpressure of the Mixed Company event at a range of 600 feet.
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L: 6.1.5 Results ]
] As an example of the results for the static load, ]
] consider the vertical and lateral displacements of nodes 28 and 54 :
- E which are symmetrical about the crown.

? NODE VERT.- DISPL. LAT. DISPL.

% 28 -0.0644 in 4+0.0113 in

; 54 -0.0644 in -0.0113 in 3

6.1.6 Analysis of a 24-Foot Radius Arch Under a Dynamic
Load

For the dynamic analysis an attempt was made to utilize
the data from the Mixed Company event to construct a simple but realistic
loading function. Figure 69 shows the pressure waves that were chosen
to model the external pressure acting on the arch at various locations.
As was done in problems 4.4 and 4.5 the pressure was replaced by
equivalent concentrated forces acting on 22 nodes.

P(psi)

Blastward

WP

¥ F F ¥ & L R =
5 100 Time (M sec)

Figure 69. Applied Load - Arch
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Figure 69. Applied Load - Arch (Concluded)
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6.1.7 Dynamic Results

The first 15 eigenvalues of the 24-foot radius arch
were extracted and the forced dynamic response obtained using modal
superposition. The first five natural frequencies are w; = 35.55
Rad/Sec, w2 = 77.33 Rad/Sec, ws = 109.6 Rad/Sec, ws = 15€.9 Rad/Sec
and ws = 229.7 Rad/Sec.

The nodal displacements corresponding to the first
natural frequency of vibration are for selected nodes:

NODE X v
27 +0.0096 +0.0019
28 0 0
29 -0.0096 -0.0019
40 +0.0102 0
41 0 0
42 -0.0102 0
53 +0.0096 -0.0019
54 0 0
55 -0.0096 +0.0019

These nodes are located symmetrically about the crown
of the arch. The displacements listed above indicate that the first
natural frequency of 35.55 Rad/Sec corresponds to a torsional mode which
would not be present in an actual shell.

RENESEF S S,

i 6.2 Dynamic Analysis of a Hardened Aircraft Shelter with No
‘ End Walls

6.2.1 Introduction

A hardened aircraft shelter modeled after the shelter
placed 600 feet from ground zero in the Mixed Company Event was analyzed
by the SAP IV computer program. The 72-foot long, 24-foot internal
radius shelter had the same cross-section as the arch described in
problem 6.1.

6.2.2 Finite Element Model

The shelter was modeled with 15 node thick shell
elements similar to those used in problem 6.1. The assignment of nodes
and elements for the model is shown in Figure 70. It should be noted
that symmetry was invoked so that one-half of the shelter was modeled
with 15 elements, each of which was 12 feet wide. Cylindrical coordi-
nates were used to input the nodal coordinates.
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Figure 70. Element Assignment - Aircraft ;
: Shelter With No Endwalls ;
: 3
é ,
6.2.3 Dynamic Analysis
For the dynamic analysis the shelter was struck by
the same pressure waves as those used for the arch in problem €.1.
The pressure wave was replaced by equivalent concentrated forces
acting on 36 nodes.
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6.2.5 Results

The first 20 eigenvalues and eigenvectors were de-
termined and used in the nodal superposition. The first five natural
frequencies are w; = 81.1 Rad/Sec, w, = 185.9 Rad/Sec, w; = 240.8 Rad/
Sec, wy = 242.2 Rad/Sec, and ws = 324.7 Rad/Sec.

For nodal points on the 24-foot radius arch &nd the
24 x 72 foot shelter located at similar locations near the crown
(Figure 71), it can be seen that the response of the arch is quite
similar to the response of the shelter, when subjected to the pressure
load of problem 6.1.

o7 S LB
AV o
Arch
50 O 52
o
" &,
Shelter

Figure 71. Comparable Nodes on Arch and Shelter
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24 FOOT RADIUS ARCH
: Node Display Max Value Time @ Max
28 AX 0.3680 0.0300
‘ 28 Az 0.5846 0.0280
| 4] AX 0.1690 0.0140
4] AZ 0.5024 0.0280
54 AX 0.3521 0.0720
54 Az 0.5690 0.0280

24 x 72 FOOT SHELTER

Node Display Max Value Time @ Max

50 AX 0.3875 0.0z80

50 AZ 0.6308 0.026"

51 AX 0.1534 0.0140

! 51 Az 0.5733 0.0260
' 52 AX 0.3511 0.064C
52 AZ 0.6106 0.0280

A mesh plot of the undeformed shelter is shown in




ol I i R R R D R e

iz

24 Ft R X 72 Ft HARDENED SHELTER
OBSERVATION VIEW COORDINATE X=  .20E+04

Figure 72. Mesh Plot - Hardened Shelter




6.3 Dynamic Analysis of a 24-Foot Radius by 72-Foot Long Hardened
Shelter with Endwalls

6.3.1 Introduction

Fifteen-inch concrete endwalls were attached to the ends
of the hardened shelter described in problem 6.1 and the shelter was
reanalyzed using SAP IV,

€.3.2 Finite Element Model

An endwall, composed of 10-plate elements, was attached
to the shelter model described in problem 6.1. Figure 73 shows the
assignment of nodes and elements for the endwall. The endwall was placed
at y=0 to be consistent with shelter that had been previously analyzed.
Symmetry was again invoked.

Figure 73. Element Assignment Shelter Endwall
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The shelter with endwalls was struck by the same pressure wave as
described in problem 4.4 and 6.2. HNo pressure has been applied to the
endwall so that a comparison might be made.

The first five natural frequencies are w: = 126.2 Rad/Sec, w2=
203.0 Rad/Sec, w3 = 236.5 Rad/Sec, ws = 330.4 Rad/Sec, and ws = 349.9
Rad/Sec. The slightly higher natural frequencies confirm that the shelter
with endwalls is indeed slightly stiffer than the open-ended shelter.
The eigenvalues and eigenvectors were used in the subsequent mode
superposition analysis.

The maximum displacements due to the pressure waves at a point
24 feet from the end wall (y = 144 in) for the two shelters that were
analyzed are:

24 x 72 ft Shelter

Displacement Max Value Time at Max

)

AX 0.3875 0.0280
Az 0.6308 0.0260
AX 0.1534 0.0140
AZ 0.5733 0.0260
AX 0.3511 0.0640
A7 0.6106 0.0280

24 x 72 ft Shelter
With Endwall at y = 432 in

Displacement Max Value Time at Max

50 0.2323 0.0240
50 0.3110 0.0220
51 0.1279 0.0120
51 0.2728 0.0229
52 0.2165 0.0160
52 0.2974 0.0200

It can be seen that when the shelter is struck by a dynamic load
the endwall has a significant stiffening effect.

Figures 74 and 75 show two views of the element layout for the
hardened shelter with endwalls. These plots were produced using the
mesh plot routine of Appendix C.
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s

2UFT R X 72F7 HARDENED SHELTER WITH ENDWALL

OBSERVATION VIEW COORDINATE X-

. 20E+0u

=

. 20E+0u4

Figure 74.

View 1 of Hardened Shelter with Endwall
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24FT R X 78FT HARDENED SHELTER WITH ENDWALL
DBSERVATION VIEW COORDINATE X- . 20E+04 Yz L20E40N  7- L 20E+Qu

Figure 75. View 2 of Hardened Shelter with Endwall
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6.4 Application of SAP IV to a Prowed Door
6.4.1 Loading

A prow-shaped rolling TAB-VEE door is subjected to the
following loads:

Case 1 - Static uniform pressure

Case 2 - Dynamic uniform pressure with the time history shown in
Figure 76.
Pressure (Psi)

11 psi

\

(=% T

—
0.00 0.0182 t,sec
Loading Function
5 ft
3
=~ ft
15 7
e 8 ft

&
Figure 76. Prow-shaped Rolling TAB-VEE Door
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6.4.2 Finite Element Model

The prow-shaped TAB-VEE door consists of three parts:
collar bulkhead, armor door, and floor frame. The finite element model for
this structure, shown in the following diagrams, includes three groups of
elements: thick shell, thin plate, and beam elements. The thick shell

and the quadrilateral thin plate elements are used to represent the bulk-
head (Figure 77) and the armor door (Figure 78), respectively. The beam
elements are used to model the reinforcing ribs and the floor frame (Figure
79). Also, because of symmetry only half of the door has to be modeled with
symmetry conditions imposed tu the center plane of the door.

The dynamic calculation was performed in two parts. The
first set of data for the dynamic calculation generates the eigenvalues of
the armored door and writes a restart tape. The second set of data causes
SAP IV to read the restart tape and generate the model solution using the
calculated eigenvalues.

b4

‘56 Numeral - Nodal number

62 g O - Thick shell element
number

Bulkhead
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Figure 77.
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Numeral - Nodal number
O - Thin plate element number

A - Beam element number
37

Figure 78. Armor Door
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Numeral - Nodal number
é - Beam element number

13%

15/

Figure 79. Floor Frame
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(gg)nvao
(Le)nwvaa

gelesTsceeie=(9¢)nwVviu
LelelEegleyd=(Sg)wVdo
LoT16GT892¢ e=(hE )WV
Lelegleles e=(te )WV
Geleleglepl=(ce)nwvsau
GeTeTe0[sL=LTE)NVI
geTsT¢Le¢7=10¢)WVdL
gelsleyepr=L6Z)ANVaa
GeT¢Te¢0l¢[Ll=(BZ)AVu
Gelslsllsus=(L2)nwVau
Gelelopey=(9¢)avin
ge[e[shceci=(sd)nVau
gelslehleli=(RZ)AVit
neJelegléri=(eZ)NVou
k- geleT1861¢01i=(<22)nVn
;. cele[¢s0lso=(1Z)AV3u
celelecleli=(0UC )WV
eelels[lel=(6T)WVIn
csieloLoy=(BT)nwVdd
2eTeTehleg=(LT)WVia

1 (PenuL3uo)) uoLjesu) 3.e3say pue uopje|ndoje) aneAusabLy - e3eq ndug
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L, B ol il

i

(papn|ou0)) uoL3eau) 3Av3IS3Y pue UoLIRLNIL®) an|eAuabir3y - e3e] 3ndug

GG9¢H96¢96GG6196RC 6, 629=(6)8011S
CLOLLOKG¢GQe( 66868 [5=(8)80LILS
69¢B9¢[Le2L6,9¢0%66:60.=(L)BOLILS
05*UGCHGe(968G6TH60YS . Y=(9)80L1S
GGe9Ge09¢6GeCGéeICéeTH¢8G=(G)80LTS
676046956 GGehee [LerG=(ygU LS
UGSTGQeLGeQGénhegnéyce [=()80L1LS
B7eL7e0GeEHheleGleh 6 y=()BULLS
L6266 1G60GeGeGegeu=(1) 801 (S
[eees=(6 GeWe )2 1T14HS
[ee[ee=(pege/e96Geig e e )T TTAHS
LeGeGehep e 26T =(1)Qa0SS

LAVGT ST LIANVGTI®I* LGS I I=vTIc T VDLV
Eoépecpec/30%°cel30°€c,FOEC0=(T¢ T )ATLYN

G-368°c=(T)INASSVN
[=(T)dLN

C=lINI¢w=GUIN[¢T=135dON¢8=TONX YW ST=1VinanNNe6=T2 105N

[ceSl¢ede0e=(H1)3]1V1al
leeOee9ce =t )31Vl
Uteecslcete=12c1)31val
QeréUt®ol®ye=V11)41vlul
I7¢GeecesUn=(Ul)I1V lal
6l el uvc=(06) 41V lal
Geeplegdive=(8)31Vvidl
Uhegeeneeoe=(L)41V lal
BCeB8leLleLc=(9)31vVial
heeRZe/2eee=(6G)3 1V dl
éeeheseeege=(%)31vial
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6.4.5

Input Data - Dynamic Response Using Restart Tape

HEADER=¥RESTART RESPONSE HISTORY ANALYSIS OF AN ARMUK DUUK#*
NUMNP=T72 s NELTYP=3eNF=24 s NDYN==2
NFN=1sNT=500sN0OT=4¢NDT=e0001

NP(1591)=1
NDR(1593)=)
NP(1791)=
MP(1793)=)
NP(1891)=1
NP(1893)=1

NP(2191)=1
NP(2193)=1
NP(2391)=1

NP (2393) =]
NP(259] )=
NP(2553)=]
NP (24591)=1
ML{Z6H97)=1
NP(2693) =]
MNP D791) =)
NP(2792)=]
ND(2793)=1
NP (289]1) =1
NP(2892)=1
NP(2893)=1
NP(2991)=1
NP(2992)=1
NP(2993)=)
ND(3091) =1
ND(3092) =1
NP (2093) =]
MD(2]191)=1
NP(3192)=1
NP(3193)=)
NP(3291)=1
NP(3292)=1
MP(2293) =
NP(3391) =)
ND(2392)=1
ND( 3392 =
ND(24971)=1
A:D(?[;,?):‘]
NP (23493) =1
ND( 26597 ) =1
NP (3592) =1
MD( 25972 ) =1
NP(2691)=1
NPl 3692)=1
NPL3693) =]

99-1Nn88%,
29-1400842
99-21778.
,,_2‘2’\'!(1.:\
99-21778&,
19-2801645
9921778,
s9-28n16e5
99-21778a
s9-28016e5
29-1088%,
99-20379.8
9—198N02,.%
9—-1435]1 5
s —2B549745
9—-26790,1
9=-241T70e9
1-LT7366e¢5
s-31160.5
9-1510946
9=40N11060
"'78(“"‘3.

s=1107246
s—=2638045

D P I T T T I Y B )

99-2020G 472
99-121101
99-37711.

39—-1575544
s9-7825 44

29=-24723Q45
s9—-178266¢%
29-28703,0
992297847
09=2NN72 48
99=048734] 48
99-38701,

99"] '576;.?
99-30213.7
99-24L188,1
”.'YQ.Ta(‘.

s 92214547
29-1772847
29=-1N176K47
s9-16384,47
s9=13117.
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Input Data - Dynamic Response Using Restart Tape (Concluded)

nn(q7,13:1
NP(3792)=1
MP(2793)=1
ND(2891)=]
MP(2892)=1
ND(2893) =1
MD (20491 ) =1
NP (2992) =)
NP(3993)=1
MP{4D9s1) =1
MDD (4092 ) =1
NP(40D93)=1
MP(419]1)=1
NP(&LTe2) =0
NP(4]93)=1
NP(4D29s3)=1
AND( /2873 )=1
NP (5392) =)
MD(589¢3)=1
ND(HhT193)=1
NP(6293)=1
NP(6793) =1
NP(T7093) =]

NLP (1 )=491

29-881345
99—14351,5
39-221239,°2
99-15012.1
99=-24170a9
90-4G98Ne7
s 9—T382 44
99~15106e5
s9=-43120,
99—6877,
99-11072.6
290430774
se—7571e7
99-12110.1
9-33541 45
99-6T76%e L
s
99-165%221,.73
29~25884 ¢/
29-32815,92
s9-1272447
99-38N79e8
99-11483472

T(191)=0e9T(192)=e00151(192)=4018291(1s4)=1,
E(1911=0esF(192)=1e5F(192)=0esF(194)=0,
YKK=D29]5P=?

TCOMP(26A921922937938)=19297
KKKS=24]15P5=2

T5(7’1H)=1s7}?shsﬁ9%
T5(2e18)=1929294L 9545

TS(2921)=19293 049596

TS(Ae1)=192939ls5s6

1S5(he2)=1e29394958F

TSU693)=1e29e3949546
TS(Be9)1=79Re9910%11912%12%914915el1b6917s18




6.4.6 Results
Static Analysis

Maximum deflection (at node 34)

u - -3.89 in
vV = -6.23 in
W= 2511 1in

Maximum axial force (in beam element 9)

P = 6.279x10* 1b

Maximum bending moment (at node 20 in beam element 10)

M; = 4.789x105 1b/in %

One view of the armored door mesh is presented in Figure 80.

Figure 80. Mesh Plot of Armored Door - with Node Numbering




7. SUMMARY

These problems have served to provide some guidance with regard to
the accuracy that may be expected with SAP IV. For example, the static
response of beams and plates agrees quite well with classical theory with
very few beam and plate elements respectively. Similarly, the use of a
small number of thick shell elements with very large aspect ratios appeared
to be adequate for thick plates, arches and shells.

For those cases where other analytical predictions or experimental
data were available, the results of SAP IV were reasonably close when
account is taken of the rather large elements, different boundary con-
ditions and linear assumptions that were used throughout. There is no
question that SAP IV can be extremely useful in assisting an engineer to
optimize an aircraft shelter or shelter system design with respect to
protection or cost. This latter conclusion is based on the analysis of
the shelter and the prowed door that represent fairly complicated but
realistic components of a shelter complex.

These problems have also illustrated the value of the free-format
input program and the graphics package. For each problem, each input
card contains nontrivial data that is easily constructed and understood.
The flexibility of the plot package is indicated with the various views
of the finite element models as well as with the time histories of several
parameters that are significant to the engineer.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

The initial decision of choosing SAP IV appears to have been a good
one. The problems associated with installing and using the program were
much fewer than might be expected for a large code. Several problems with
classical solutions were run to gain familiarity with the code and the
numerical results were accurate. Furthermore, the solution routines,
especially the modal technique for dynamic problems, were efficient and
easy to use.

Although the basic code was quite satisfactory, it was evident that
very little effort had been made to make the input and output data conven-
ient for the user. The input data followed a rather rigid format with the
requirement of blank spaces and blank cards very common and somewhat con-
fusing at best. There was no method to check the input geometric data
excent by raneated scrutiny, which is not a very viabhle method especially
for large problems. The output, in the form of printed data and plots from
a printer, was cumbersome and rather unsuitable for the analysis of compli-
cated structures. Furthermore, it was evident that the code had been con-
structed primarily with metal structures in mind, since there was no
indication of property identification for concrete or reinforced concrete
structures.

Since the primary objective of this study was a code that could be used
in the dynamic analysis of concrete and reinforced concrete structures, it
was necessary to derive a method for computing equivalent linear bending
stiffnesses. For any realistic dynamic environment a given structural
member will experience both positive and negative moments. Since many
members used in aircraft shelter systems are not symmetrical with respect
to positive and negative bending, it was necessary to extend an existing
method to this case. The equivalent bending stiffness that was proposed
was an average of the stiffnesses for the cracked and uncracked sections
for both positive and negative bending. The results appear to be reasonable
based on a Timited amount of other analytical data.

The free-format input program that was developed simplifies the input
of data for the average user. This program takes data in a simplified or
free-format form and converts it to the format required by the SAP IV code.
Thus, the user has the option of using the free-format form or of bypassing
this program and submitting data in the SAP IV format. With the free-
format input program, cards can be input in any order and only nonzero data
is required. When certain data, such as boundary conditions are repetitive,
or nodes are equally spaced, the program generates much of the data
for the user. The result is that the free-format input consists of the
minimal amount of data that is required for defining a problem. Not only
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is this extremely convenient to the user, but the chance for error, such
as a wrong number or a correct number in a wrong column, is significantly
reduced.

Even with the free-format input there is still the possibility of
errors in node or element definition that are extremely difficult to
detect. The mesh plot program was devised to assist in this important
aspect of data checking. Furthermore, a graphical display of elements
can easily show elements that have a bad aspect ratio and can give a
general indication concerning the degree of refinement that is almost
impossible with printed data. g

The mesh plot program has several options that were incorpcrated
to assist the user. The viewing point is specified and can be changed
from plot to plot. Some of the options that are available include the
following:

1. A plot of all nodes and elements with Tabels
2. An unlabeled plot of all nodes and elements

3. Labeled or unlabeled plots of just the beam, plate or thick
shell elements

4. Labeled or unlabeled plots of specified subsets of beam, plate
or thick shell elements.

The regular output of SAP IV for dynamic problems consists of
specified numerical data at each time step and printer plots of the same
information. Neither of these forms is generally adequate for efficiently
studying the response of a structure or for incorporating such data in
a report. Thus, a time history program was constructed which maintained
essentially the existing control parameters as those used for the printer
plots, but which allowed the use of plotters that are usually available at
any large computer installation.

A review of the output parameters for a typical dynamic aralysis re-
vealed that time history plots could be conveniently combined in groups
of three. According to the particular element and node model, these groups
were:

1. Displacements at a node
Rotations at a node

Bending moments and torque for a beam element

s w N

Shear resultants and axial force for a beam element
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5. Membrane resultants for a thin plate element

6.
7.
8.

Moment resultants for a thin plate element
Normal stress components for a thick shell element
Shear stress components for a thick shell element

Within any such group, one, two or all three histories can be requested.
The Targest absolute value of the requested functions over the specified
time period is used as a normalizing factor and this factor together
with identifying symbols are printed with each graph.

Although these additions to SAP IV have greatly enhanced its
suitability for the analysis of aircraft shelter structures, there still
remain several items which, if addressed successfully, could improve the
usefulness of SAP IV even further. These are:

1. In dynamic problems, which use modal superpss

force vector is computed and stored in core for all time steps pr or to
the integration of the modal equations. Consequently, the core require-
ments of a problem can vary quite significantly depending upon the number
of time steps requested for solution and can, on occasion, cause a
problem to exceed storage 1imits. It appears that this difficulty can

be corrected by an alteration to SAP IV in which the generalized forcing
function vectors are computed and stored outside of core to be accessed
when needed. The required vectors can then be brought into core either
sequentially or in blocks as the nodal integration proceeds.

asdsAn J-k
D1 LIVil LIt

2. Inclusion of a capability of calculating and plotting of principal
stresses, strains and directions. This feature would be very helpful in
determining the possibility of failure.

3. Additional graphical display showing both deformed and undeformed
states of the structure.

4. Inclusion of advanced band with minimization techniques which
would decrease the computer time necessary for a particular problem.

5. Resolving the limitiation of a maximum of eight displacement
components for output plotting.

161




APPENDIX A
FREE FORMAT INPUT PROGRAM

The Free Format Input Program (FFIP) produces an input data file

{ acceptable to the SAP IV program through extremely flexible input in-
! structions and is available for three element types - beam, thin plate,
é and thick shell (21 nodes).

The two basic parts in FFIP are key words and entries. These two
parts are always linked with an equal sign. A key word must appear be-
fore an equal sign, and the entry must appear to the right of the equal
sign. Key words may be nonsubscripted, single subscripted, or multiple ]
subscripted. For each single subscripted and multiple subscripted key
word, a set of parentheses must be included before an equal sign. The
entries may be single or multiple and may be in floating point, fixed
point, or alpha-numeric. This information is specifically stated for
each key word. Variables, values or strings of characters may be placed
anywhere on a card as long as three elements are intact in the following
order: key word, equal sign, and entry. More than one key word can be
placed on one card, again, as long as a set of three elements as described
earlier remains intact and is separated from another set by a comma or
a blank. Furthermore, when two or more key words are punched on one
card, the number of entries required for a previous key word must be
completely satisfied. A1l key words listed in this appendix are recog-
nized by FFIP, and any misspelled key words will not be recognized.
Diagnostic error messages will be printed for misspelled key words, and
the job will be aborted.

Further requirements for input include:

- There must not be any blanks within an exponential fi=1d.
- An integer or floating point number may be terminated by a comma.

Consecutive commas may be used to indicate missing fields, but
care should be taken:

i At e e SV

7,,85 means the second number is missing (default=0) but
78,85 means the second and third numbers are missing.
- A'"+' in column 80 causes the next line to be read and the free

format scan continues. (Usage of this feature should be spared to
preserve the flexibility of the data deck.)




Explanations:

Keyword and type
of allocation

No. of entry

Type of entry

Usage

Ref.

FFIP KEY WORDS AND ENTRIES

key word and type of allocation which may be
NS, SS or MS where:

NS - nonscripted
SS - single subscripted
MS - multiple subscripted

number of values to be entered to the right of
the equal sign

self-explanatory

the first line is reserved for description or
usage. Another iine denuvied by two dashes
gives an example of how input should appear
on card.

more specific information on usage is referenced
to the SAP IV manual by section and page number.

e




KEYWORD AND NO. TYPE . USAGE
TYPE aF aF B .
ALLOCATION ENTAY ENTRY .

ALPHA NS 1 REAL .DRANPING FACTOR FOR A FORCED DYMRMIC
. RESFONSE ANALYSIS
. ——ALPHAZENTRY

AT 33 1 FAEAL  .ARRIVAL TIHME
—-RT ( El JzE2

EI'HHRI\JHL TINE NUMBER (INTEGER)

2:E N ﬁT
BEAM ] 12 INTEGER. BEFIH DFITR
--BEA [El):EFEBUEqIESFEEIE?IEBIEIEIOUElii
E12,E13
WHERE
E1=BEAKM ELEMENT NUMBER .LE. NBERM
E2=NPOE NUMBER I
E3=NADE NLMBER J
EY=NADE NUMEER K
ES=MRTERIAL PRAPERTY NUMBER
ES=ELEMENT FRGPERTY NUMBER
E7= F I }{ED EMD FORCE 10 FAR ELEMENT LOAD

EB'FI){ED END FOACE 1D FOR ELEMENT LOAC
ES= FIXED END FORCE 1D FAR ELEMENT LOAD

s--.-

E12=END RELERSE CODE AT NAOE J
ElS:UPTIﬂNQL PRAAANETER K FOR AUTGMATIC

GENE!
BELFX NS 4 FEA  .ELEMENT LBHD FHCTI]H = HULTIPLIEB AF GRAVITY
LGAD IN THE +X DIAECTI
.~-BELFX=E1, E2,E3, EY
. MWHERE

. E1-ELEMENT LOAD CASE A
s E2-ELEMENT LOAD CRSE B
. E3ELEMENT LOAD CR3E C
. EUZELEMENT LOAD CASE D
BELFY NS 4 PEA.  .ELEMENT LOAD FACTGR - MULTIPLIEFI OF GRAVITY
.LORD IN THE +7 DIHECT
.--BELFY=E1.E2.E3.E
. MHERE
. E1=ELEMENT LOAD CASE A
. E2=ELEMENT LOAD CASE B

: E1l=END RELERJE COGDE AT NBDE I

ES=ELEMENT LAJAOD CASE C
EU=ELEMENT LOAD CRSE D
BELFZ NS 4 FEA.  .ELEMENT LORD FRCTOR - MULTIFLIEH OF AVITY
.LOARD IN THE +Z DIARECTIO
«--BELFZ=E2, E2,E3, EU
. MHERE
. E1=ELEMENT LOAD CASE A
. E2=ELEMENT LDAD CASE B
. E3ELEMENT LOAD CASE C
EUTELEMENT LOAD CA3E D

Elﬂzaééﬂa END FORCE ID FOR ELEMENT LORD .

WILLE

VU112

1%.2.3

I‘i‘22

AV 0.2

IV22




KEYWORD AND NO. TIPE . USAGE REF.
TYPE OF ar 3

ALLACATION ENTRY ENTRY .

BEPC S8 6 FEAL .BEAM ELEMENT PREPERTY
. --ESEE&EI 1=E2,E3, EY,ES. EB.E?

E1ZGEOMETRIC PROPERTY NUMBER (INTEGER)
BFEF'C

=LE,
E2=AXIAL FA
E3=SHERR FBEF RSSOACIATED NITH SHERR
FBRCES IN LOCAL 2-DIRECTION
EY4=3HERR ARER A3JSOCIATED NITH SHERA
FORCES IN LOCAL 3-DIRECTIAN
ES=TBASIAONAL INERTIA
ES=FLEXURAL INERT]A ABOUT LBCAL 2-AXIS
E7=FLEXURAL INEATIA ABAUT LBCAL 3-AXIS
EETR N3 1 FEAL  .DANFING FACTOR FUR A FORCED DYNRMIC
ﬂEgg?gSE ANALYSIS
BFEFI S5 6 FEAL  .BERAM F[){EU END FORCES
--ﬁﬁ%gé([l]:&?-h‘s +EY. EE,EELET

El-FI}{ED—ENgFFﬂHCE NUMBER [INTEGER]

; EE‘:FIXED—END FORCE IN LOCARL 1-DIPECTION .
. ES"FIXED—B’IU FOACE IN LOCAL 2-DIRECTION .
E'-L-FI){ED-END FORCE IN LOCAL 3-DIFECTION .

AT NODE I .
ES=FIXED END NONENT ABOUT LBCAL .
1-DIRECTION AT NGOE [ .
EG"FI}(ED END HUNEHT FIBEIUT LBCAL

E?“FIXED ENU HEIHENT RBUUT LBCAL
~DIFE

Iv.2.1

SRS

YII.B

Iv.2.2

E
~--BFEFJ(E1)=E2, E3.EY, EG.EG, ET
MHERE
El*FI}{ED-END FﬂRCE NUMBER (INTEGER)
2‘FI){ED-BJD FDHCE IN LOCRL 1-DIRECTION .
E3z FIXED—B\ID FORCE JN LOCAL 2-DIRECTIOM
EH-FI}(ED-ENU FOARCE IN LOCAL F-DIFECTION .
AT NODE J .
ES=FIXECHEND NONENT ABOUT LBCAL
1-DIFECTION AT NGOE J
EB=FIXED-END HUNENT QBUUT LBCAL
2-DIFECTION AT N

E7=FIXEC-END HEIHENT RBUUT LBCAL .
S-DIFECTION AT NGDE J 3



NO.
aF

TYPE . USAGE
oF

ALLACATION ENTRY ENTRY .

. REF.

KEYWORD AND
TYPE OF

BMPC S8 Y
BNEPC NS 1
BNFEFS NS 1
BNNFC N3 1
CLND M3 <]
O3Fa NS 1
cT 53 1
DANF NS 1
oT NS 1
ELN 55 - 4

FEFL  .BEAM MATERIAL PROPERTY
.——BMPC(E1) =E2,E3, EY,ES
. WHERE

E1=MRTERIAL IO NUNBEF (INTEGER)
BNMPC

. .LE.
. E2=7TAUNGIS MAOULUS
.. E3=PDISSONIS RATIO
. EU.‘MFISS DENSITY
. WEIGTH D
INTEGER. NUHBEH aF BERM ELEMENT PROPERTYT SETS

INTEGER. HUHBEHFUF FI}{ED END FORCE SETS
INTEGEH.NUNBEH OF BEHM MATERIAL FROPERTT SETS
—-BNHPC=ENTRY
FEAL  .CONCENTARTED LOFD/MASS DATA
.——CLHD[EI E2)=£3, E4,ES. EB.E7. EB

El'NﬂDFIL F’UINT NUNBER ([NTEGER)

E2-3TﬁUCTLﬁE LUHD CASE NUMBER
(INTEGER) . LL
GE.1, STFITIC FINFILTSIS
EQ.D. OYMANIC ANALYSIS
E3=X-DIRECTION FBBCE OR TRANSLAT IGNAL
MASS CCEFF ICIE
EY-Y-DIRECT ION FEIRCE AR TRANSLAT IONAL
MASS CEEFFICIE
ES-Z-DIRECT IAN FUHCE R TRANLSAT IGNAL
MASE COEFFICIEN
EG=X-AXIS MOMENT Uﬁ ROTATIONAL INERTIA
E7-Y-ANIS MOMENT OF ROTATIONAL INEATIA
EQ=7-AXIS MOMENT 0GR ROTATIONAL INEATIA
FEAL CUngEF FHEUJEN
ALFHA .STHBUL UESDHIBIN’& COORDINATE SYSTEM FOR

.EQ. .(BLHNE] CARTESIAN X Y.}
.EQ.C. CYLINDRICAL (R.Y.THETR)
——CT(EL)=E2
. MHERE
E1=NODAL POINT NUNBER (INTEGER)
.LE. NUMNF

. E2-ENTRY

FEAL  .OANPING FACTOR (NOYN=2)
«——DANP=ENTRY

FEAL  .SOLUTION TIFE STEP
»==0TZENTR

FEAL  .ELEMENT LURD MJLTIPLIERS
--ﬁhEéEll-EE-Eﬁ «EY.ES

. £

. E1=LBAD CRSE NUNBER ([NTEGER) LE

. E2-MULTIPLIER FGR ELEMENT LBRD CFBE A
E3-MULTIPLIER FOR ELEMENT LBAD CRSE B

. EY=MULTIFLIER FOR ELEMENT LOAD CASE C

. ES=MULTIPLIER FAGR ELEMENT LBRO CRSE O
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USRGE

REF.

“TIKE FUNCTION DEFINITION FOR RESPONSE
LHISTORT ANALYSIS
--F 1 E2] =E3

: E1 TIME FLWCTION NUNBER (INTEGER)
R DEFINITIEN PAINT NUMBER (INTEGER)

E3= FUNCTIEN \."FIL
-FACTAR FOR }{-DIFECTIUN INPUT FOR
-RESPONSE SPECTRLM AHALYSIS
«=—FXZENTRY
.FACTAR FOR Y-DIFECTIAGN INPUT FOR
. ﬁESFUNSER$FEETﬁLH ANALYSIS

<ENT
.FACTAR FOR Z-DIFECTIAN IWNPUT FOR
.REEI;EINSE SPECTRLM ANALYSIS
.HERD [N INmeTIﬂN
. ~~HERDER=#*S2CHARACTERS - INCLUDING BLANK®
.LABEL [NFORMATION FOR RESPONSE HISTORY
LANALYSIS
«——HED(E1) =»E2»
WHERE

E1=FUNCTIONAL DEF]NNITIEIN PEINT NUNBER

. {INTEGER] .LE.NFI
E2=58 CHARACTERS ]NCLUD[NG BLRMK
-HEADING INFORMATIGN USED TO LRBEL THE
. SPECTRUM TRBLE
. ~-HEDSP=xSB CHARACTERS INCLUDING BLANK«

INTEGER. DISFLACEMENT OUTPUT DATA

.--]CUMP[EI]:EQ.B-EU ES.E6.E7
g El’NUDFIL F‘UINT NUNBER [ [NTEGER)

EQ‘UISPLHCEI‘EHT COMPONENT, REQUEST 1
, E3-0ISPLACEMENT COMPONENT. REQLEST 2
. EYU=DISPLACEMENT COMPONENT, REQUEST 3
. ES=DISPLACEMENT COMPONENT. REQLEST 4
. ES=DISPLACEMENT COMPONENT, REQLEST S
E7=DISPLACEMENT COMPONENT. REQUEST 6

INTEGEH.FLFIG- FUR PRINTINS INTERKEDIRTE MATRICES
INTEGER. FLRE FUH PEFFEBHIHG THE STURM SEQUENCE CHECK.VII.3

SS=ENT
INTEGER. STANDARD IHTEGHHTIUN ORDER FOR THE NARTURAL

KETWORD AND NO. TIFE
TYPE @F ar o
ALLACATION ENTRY ENTRY

F MS 1  FREA

FX NS 1 PEAL

EY NS 1 FEAL

FZ N3 1  FEAL

HERDER NS ALFHA

HED 33 ALFHA

HEOSF NS 6 APHA

ICaMP M3 5]

IFPR NS 1

IFSS NS 1

INTRS NS 1

INTT NS 1

INTEGER. STFINDFIRD IHTEGHHT ION ORDER FOR THE NATURAL

. IRial DIREDTI

 T)-D
--]NTT ENTHT

V[I 14

Wil.23
YI1.23

W¥II.29

T
V115

WII.24

W16

I3

J1¥.8.5

JIV.8.5
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]
REYWORD AND NO. TYFE . USRGE . REF.
TYPE QF ar oF ~ o
ALLACATIAN ENTAY ENTRY . A
IPLATE S8 7  INTECER.PLATE DRTA JI%.6.2
« - JPLATE(E1)=E2,E3, E4, 5. E6.E7. £6 :
. E1ZFLATE ELEMENT NUNBEF .LE. NFLATE :
. E2=NADE I :
. E3=NBDE J .
] . E4=NBDE K ;
€ . ES=NADE L .
. EGINODE O A
. EZ-HATERIAL IOENTIFICATION NMEER
EB=ELEHENT DATA GENERA
IS MS 12 INTEGER.ELEMENT STAESS CANCGNENT BUTRUT WII.17
.—-1S(El,E2) =£3, EM,ES.EE.E7.ES, ER.E10,E11,E12.
» Ei3,El4
. WHEFE :
: E1=ELEHENT TYPE :
i . E2=ELEMENT MUNEER .
i . .LE. NBERM, IF E1=2
» : .LE. NFLATE. IF E1=6

: -LE. NSOL21. IF E1:=8
. ESTSTRESS COMPONEWT NUMBER. FEQUEST
4 . EY=STRESS COMPONENT MUMBER. REQUEST
£ . ES=STRESS COMPONENT MUMBER., FEGUEST
. EBCSTRESS COMPONENT NUMBER. REQUEST
; . E7=3TRESS COMPONENT MUMEER. REQUEST
ES-STRESS COMPONENT NUMBER. FEQUEST
E9=STRESS COMPONENT NUMBER. FEGUEST
E10=5TRESS CONFAGNENT WUHBER, REQLEIT ©
E1L=STRESS CONPOMENT NUMBER., REQLEST 9 .
E12=ETRESS CONPANENT NUMEER, REQLEST 10 .
E13-5Tﬁ55 CONPONENT NUMEER, REQLEST 11 .
14=5TRESS CONPANENT NUMBER. REQLEST 12

L ' | IV g I el V) S8

I3F NS 1 INTEGERA. PLGT SPACING INDICATOR FOR DISPLACEMENT VI1.15
.GUTPUT .

ISPS NS 1 INTEGEA. PL(]]T SPEBING INDICATOR FOR STRESS QUTPUT WIIL 17

I57 N3 1 INTEGER. 1NPU¥ 3P$%;HJM TYFE VII.28

4 IX 55 & INTEGER.BOUNDARY CONDITION DATA 2124
——]}([El]:EZ’-E3-E‘4-E5-EB.E? .

. El-NUEIRL POINT NUNBER .LE. NUMKE

. E2=¥-TRANSLATION BAUNDRARY CONDITION CODE.

. E3=Y-TAANSLATION BAUNDRAY CONDITION CODE.

. EY=Z-TRANSLATION BAOUNDARY CONDITION CODE.

. ES=X-ROTATIMN EBGUNDARY CONDITION CGDE .

. EG=Y-ROTATION BOUNDARY CONDITIMN CODE
E7=Z-ROTATIM BAUNDART CONDITION CODE

KEGB NS 1 INTEGEA.NUNBER OF DEGREES GF FREEDOH (EQURTION Tt
PEEEELQCK OF STORAGE .
KKK NS 1 INTEGER. GUTPUT TYPE INDICATGR (DISPLACEMENT) WIIL15
-1. PRINT HISTORIES AND MRAXIMA
.EQ 2. ;Eﬁ?;gj‘i PLOT HISTORIES AND RECCWERY OF.
.EQ.3, RECOVERY OF MAXIMA ANLY .
« —=KKK=ENTRY .
1
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KEYWORD AND  NO. TYPE . USAGE . REF.
TYPE OF aF . )
ALLACATION ENTRY ENTRY .
KKKS NS 1 INTEGER.AUTPUT TYPE INDICATGR (STRESS) ML 17
.EG.1, PRINT HISTORIES AND MAXIMA
EQ.2, PF:INTEF: PLAT HISTGRIES ANOD RECEVERY OF .
El] 1 REEEI'!’EHT OF MAXIMA ONLY -
W NS 1 INTEGER.NUNBER ?ET“TFILC'I'UHHL LAAD CASES ST
i MASSON S5 1 FREAL  .WASS DENSITY OF THE MATERLAL USED T CAMPUTE.IY.S.E
: ; .THE HASS MATRIX IN A DYNAWIC ANALYSIS ;
] - HFISSDN(EI]"E2 .
5 E1 MHTERIFL IDEMT]F]CFIT[UH NUMEER
5 EBERJ .LE. N :
_ MATDES S5 U  ALFHA SHELL HRTEHIFIL EESCHIPT]UH LdY.8.B
: «~—NATOES(E1 )=wE; :
3 . MHERE
. E1=MRTERIAL IODEWTIFICATION NLMEER
- {INTEGER) .LE. NUMHAT
. E2-3B CHARACTERS INCLUODING BLAMNKS g
MATEY M5 7 FEFL  .SHELL WATERIAL PROFERTY DATA JIV.5.7
.——HHTEV(EI-EQ]:ES-EU ES.EG.E?. EB.ED 5
: r1-mn'rrnm INENTIFICATION MIMEER
; « LE. NOMMAT ’
. E2-TEMPERATURE WUNBER [[NTEGER) A
. LE. NTP (NUMRAT] .
. E3=TEMPERATLURE :
. EU-ARTHATRIPIC ELASTIC MODULA (E111 -
. ES=ORTHATRAPIC ELASTIC MODULA (E22) ;
. EG-ORTHUTRAOFIC ELASTIC HOOULD (E3S) s
2 ET=PRISSONS RATIA .
. E6=PDISSONGS ARTIA 4
EQ-PAISSONGS AARTIA .
MATGA MS 6 FREAL  .SHELL WATERIAL PRAPERTY DATA LIv.8.7
.--Eﬂgg\g[ﬂ . E21=E3.EY, ES.EE.ET. EB g
. E1=MRTERIAL II]ENT]F]CFIT[UN HUMBEF: 2
. (INTEGER) . HAT -
2 EQ-TEHPEHF{TLBE NUHBEFI {INTEGER) :
* .LE. NTF (NUMNAT] .
. E3=SHERR MIOULD (G12) :
. E4SSHEAR MDOULD (G13) :
. ES=SHERR MAOULD (523) .
.- EB=CBEFFICIENT OF THERMAL EXPANSION ;
. E7-CREFFICIENT (OF THERMAL EXPANSION .
. ES=COEFFICIENT GF THERMAL EXPANSION :
MAXNDD N5 1 INTEGEA.SHELL WAYXIALM NUMBER DF NODES LSED TO .1¥.8.1
. DE%%HI%ESE;R‘NT ONE ELENENT
MRXTP N5 1 INTEGER.SHELL MPXIMIM NUMBER OF TEMPERATURE PAINTS .IV.8.1
LUSED IN THE TRELE FOR ANY MATERIAL :
- ==NAXTP=ENTRY &
MIOEX NS 1  INTEGER.PROGRAW EXECUTION MADE (1R |

« ==NODEX=ENTRY
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KEYWORD AND NO. TYFE . USAGE . fEF.
TYPE OF aF o TR :
ALLOCATIAN EWTRY ENTRY . .

NAD NS 1 INTEGEA. TATAL NUMBER (F YECTARS TA BE USED I Ilal

EIUB;\PFICE ITERATION SOLUTIAN FOR EIU:'N\!'FILUESJ
ELCT!

«~=NADZENTFR

MNAT NS 1 INTEGEA. HUKBER ﬂF UIFFEF'EMT ARRIVAL TIMES FOR THE  .¥I1.8
» FARCING FUNCT IONS .
. ~=HAT=ENTRT -

NATX NS 1 INTEGER.CROUND MBTION CONTRAL DATA - RRRIVAL TIME  .VII.11
- NUNBER, <-DIRECTIAN .
. ~—NATAZENTRY .

NATY NS 1 INTEGER. GROUND MATION COWTRAL DATA - ARAIVAL TIME  .WII.11
.NURBER, Y-DIRECTION :
«——NATT=ENTRY .

NATE N3 1 INTEGER. GROUND MOTION COMTROL DATR - ARRIVAL TIME  .WI[I.11

HUEEEH. —DIHB:T I0N -
NBEAN NS 1 INTEGERA. NUﬁgEﬁ EF BEFIH ELEMENT :I'i' a2l
NOLS NS 1 IMTEGER. NUHBEg EE UIFFEFENT DI1STRIEUTED LAAD :IV.S.I
NDTH NS 1 INTEGEH—RNSLTﬁIEH%FE COoE E
NELTYP NS 1 INTEGER.WUNBER OF ELEMENT GROUFS e

. -—HELTTP=ENTRY 2
N NS 1 INTEGEA.NUNBER OF FREQUENCIES T4 BE FOUND IN THE  .I[.!

.EI%EVH%E SOLUTION 3
NFN NS 1 INTEGEH.NUHBEE GFREIFI'EFENT TIME FUNCTIENS HIL.7
NN NS 1 INTEGEA.GRAUND MBTION COMTRGL DATA - TIME FUNCTIAN .WII.11

.NUNBER DESCRIBING THE GROUND ACCELERATION .

: INN;HE_}{ -OIRECT ION -

MENY NS 1 INTEGER. GRAUND MUTIEN COMTROL DATA -~ TIME FUNCTIAGN .WII.11
NUNBER DESCRIBING THE GROUND ACCELERATION .
.IN THE Y-DIFECTION .
.~-—HFNTZENTRY ‘

HWFHE N3 1 INTEGEA.GROUND MOTION COMTROL DATH - TIME FUNCTION .VII.11
.NUHBEF’\ DESBRIBII‘G THE GROUND RCCELERATION .
N THE Z-DIFECTIO .

i i ‘NS 1 INTEGEA. HUHBEF.’ arF IT";TINF ITERATIOW YECTORS TG BE .WII.3
PEQD FPCﬂ "—F .

NGH W3 1 INTEGER. GHBUHU HBAIEN INDICATGR WIS

ENT .
NITEN NS 1 INTEGER. HFlIIHUH HUMEER OF ITERATIANS RLLOWED Td MIIL3
.RERCH THE DENVEFBENCE TOLERANCE .

~NIT! .
P 35 2 INTEGER. NUGBER ?F gléNCTIﬂH OEFINITION FRINTS S 8
Chgisd 1=E2,E3 .
HHEFE .
E1=TI|'E4E FUMCTION NUNBER .

LLE. NFN .
E2-NUMBER @F FUNCTIAN DEFINITIGN FOINTS .
ES:SEEbEBFRCTUﬁ T0 BE AFFLIED TO F(T) .
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KEYWOROD ANO NO. TYFE . USHAGE . REF.
TYPE OF ar i P .
ALLACATION ENTRY ENTRY .

NOPSET NS 1 INTEGER.SHELL NUMBER @F SETS OF DATA REBLESTING V.81

; STﬁgggEgngm AT YARIOUS ELEMEMNT LOCATIONS .

NORTHO N3 1 INTEGER.SHELL NUMBER (F DIFFERENT SETS OF MATEAIAL .I¥.85.1
. }{3‘3 UBIENTFITIUN OATA .

POREPCTRRIECRPSREAUREITORS, 7 Ve .

NOT NS 1 INTEGER. BUTF’UT PRINT INTEH"."FIL FOF STRESSES., NI
- DISFLACEMENTS :
1 _ .==NOT=ENTRT :
: N Ms 3 MIXED .TINE-YARYING LOAD DATH { VLI 10
1 - ~=NF(EL,E2) =E3, E4,E5 .
- MHERE :
- . E1=NODAL POINT WHERE THE LOAD .
g . COMPOMENT [FORCE OF HOMENT) IS :
‘- . APPLIED (IWTEGER) ,LE. NUMNF .
. E2:-DEGREE OF FREEDON (INTEGER) g
.GE. 1 AN0. .LE. B 3
Ea=TIME FNCTION NUHBER (INTEGER) .

LE. WFN
EU-ARRIVAL TINE NUMEEFR [INTEGER)
ES=SCALAR MULTIPLIER FOR THE
TIME FLWCTION [IREAL)

NPLATE NS 5 INTEGEH.NUHEEE GE P%J{E ELENENT :I'!' aBLg
NFTS NS 1 INTEGEH#ggBEH UE DEFINITION POINTS IN THE SPECTRUN :V[I.QU.
- —-NBTS=ENTRY :
NSaL21 NS 1 INTEGER. NUNGER OF SHELL ELENENTS LU |
- -—HSAL21=ENTRY :
NT NS 1 INTEGER. TG;RI__. NUHBEH OF SALUTION TIME SREFS NILE
NTP S5 1 INTEGER.NUNSER OF DIFFEFENT TEMPERATURES AT IV.8.5
.MHICH PRDPEATIES ARE GIVEMW .
~-NTP (E1)=E2 5
e - MRTERIFL TOENTIFICATION WLMEER :
o g NEEBEI;; H}{U;P DIFFEﬁENT TEHFEFHTLIFES 5 ,
NUNMAT NS 1 INTEGEH'NUHBEF\ AOF DIFFEFENT MATERIALS (SHELL) :IV.B.I &
: —HUMMAT=ENTRY : 31
1 NUNNP NS | INTEGEH NU:BER arF NIIIFL PAINTS ol Ll
2 - HN — .
- PELML NS U FERL  PLATE ELEMEMT LOAD HULTIPLIER SIV.6.1
| --PELML=E1, E2,E3, E .
| WHERE ;

E1=DISTRIBUTED LATERAL LORD MULTIFLIER
FOR_LOAD CASE A

EZ:DISTHIBUTED LFITERHL LORD MULTIPLIER

Ege UISTRIBJTEUSLRTEHFIL LAORD MULTIFLIER :

LL-DISTHIHJTEU LRTEHRL LORD MULTIPLIER . i ]

ey vty e
W

17




WP i T e e st ine
TN ol s s

BEYWORD AND HNO. TYFE . USAGE o NEF.
TYPE OF ar oF 5 L
ALLACATIAN ENTAY EWMTRAY . ” :

PELMT MS i FEAL .PLRTE ELEMENT LOAO0 WULTIPLIER :IV.S.I
+-~PELMIZE1, E2,E3,EY L
L ; Ez TEMERATURE MULTIFLIER FOR LORD CA3E B.
4 . E3-TEMERATURE MULTIPLIER FOR LOAD CASE C.
% 9 . EY4=TEMERATURE MULTIPLIER FOR LORD CARSE D.

3 PELMX NS 4 FEAL  .PLATE ELEMENT LORD ULTIPLTER L1¥.6.1
; 1 .——:ELMK"Ei .E2.E3.E .
‘ : e e UIFECTIUN ACCELERATION FOR LOAD .
g | e x DIFEL‘ITIUN ACCELERATION FOR LOAD .
é : . E3 %Hg%FECTIUN ACCELERATIDON FOFR LOARD :
% : . Eus E{RD.'IEHSCTMN ACCELERATION PR LOAD .

s PELMY NS 4 PFEAL .PLDTE ELEMENT LEFID NULTIPLIER :IV.G.i
.——PELMY=E1, E2,E3, EY £
. WHERE s
= EIITEg%FECT ION ACCELERATION FOFR LJARD .
: EQ:‘é’agéFECTIGN ACCELERATIAN FOR LAAD -
: EB-T-DIFECTIBN ACCELERATIDN FOR LAAD '
. E4s T DIFEI:TIEJN ACCELERATIBN FOR LOAD .

PELME NS U FERL  LPLATE ELEMENT LOFD NULTIPLIER J1¥.6.1
-—:ELMZ-EI.EQ {E3.EY .
. EEE I—DIFECTIEIN ACCELERATION FOR LOAD .
: E2°Z DIFECTIUN ACCELERATIBN FOR LOAD .
. E3: z DIFECTIGN ACCELERATION FOR LOAD .
: EYc= EagEFECT ION ACCELERARTION FOR LOAD .

PLATE S5 4 FEAL  .PLATE DAT V8.0
--PLHTE[EI):E2.E3 EU, £S5 1
: EI-PLHTE ELEMENT NUNBEFR [INTEGER] .
} .LE. NPLATE :
. E2=ELEHWENT THICKNESS »
. E3-DISTRIBUTED LATERAL LOROD ;
. EU=MEAN TEMPERRTURE YARIATIAM T FRAM THE.
% REFEFEMCE LEYEL 1 UMDEFORMED FOSITIO.
. EScMEAN TEMPERATURE GRADIENT ACROSS THE .
. SHELL THICKNESS »

3
g
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KEYWORD AND NO. TYPE . USAGE REF.
aF oF .

TYPE QF
ALLACATIAON ENTAT ENTRY

PMPI = 10 REAL  .FLATE MATERIAL PRAPERTY INFARMATIAN
.-_EEEE{&EI]:E'E3'E4'E5'ESIE?'EB.EB.EIO'EII

. E1=MATERIAL IOEMTIFICATION NUMEER

. (INTEGER) .LE. PHOM

. E2=MRS5 DENSITY

E3=THERMAL EXPANSION COEFFICIENT (X)

EU=THERMAL EXPRANSION COEFFICIENT (Y)

ES=THERMAL EXPANIION COEFFICIENT (2)

EB=ELASTICITY ELENNT CXX

E7=ELASTICITY ELENNT CXY .

ES=ELASTICITY ELENNT CX3 .

EQ=ELASTICITY ELENNT CYY -

EI0=ELASTICITY ELEMENT CY5 .

E1L=ELRSTICITY ELEMENT CXY 5

PNOM N3 1 INTEGER. NUNEEE E:ITELHTE MATERIAL FRAPERTYT SET LIV.6.1

ROTL NS 1 FEAL  .CONVERGENCE TOLERANCE FOR THE HIGHEST M3

: .REQUESTED EIGENVALUE .

! - -=RATLZENTRY 3

P S03LOF 33 T FEAL .?'_I_SE]F}IBUTEDISLBFHCE LOAD DATA LI¥.5.8

ER.
--S0SLOF(E1)=E2,E3, EY.ES
MHERE
E1=LBAD SET IO NUWBER ([NTEGER)

LLE. NOLS ¥
E2-PRESSUFE AT FACE NADE N1 . :
E3=PRESSUFE AT FACE NODE W2 .
EL-PRESSURE AT FACE NADE W3 . 3
ES=PRESSUFE ATR FACE NODE Wi . ! 8
IF LT .EO. 2
--SDSLDF[EI]:EQ.Eﬂ E4,ES.E6B.E7,ES

El LUFID SET IU NUNEER ([NTEGER)

I¥.6.1

T L Vs
“ % s 3 & = &
R

—

B e

E2:HEIBHT DENSITT ar THE FLUID

E3=¥-ORDINATE QF PEHNT IN THE FREE
SURFACE OF THE F .

EQ= Y UHDIN:ITE arF PU]NT S IN THE FREE .

ACE OF THE
ES= z EIHDIM?TE aF PU]NT s IN THE FREE .
SURFACE OF THE F .
{ EG=X-ORDINATE OF A PU[NT N DN THE %
NORHAL TA THE FLUID SURFACE %
E7=Y-ORDINATE OF A FOINT W BN THE .
NDRMAL T@ THE FLUID SURFRCE ;
ES=Z-ORDINATE OF A POINT N BN THE <

NORMAL TO THE FLUID SURFACE .
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KEYWORD AND NO. TYPE . USAGE . REF.
TYPE OF oF o . i
ALLACATION ENTRY ENTRY . 4

€DSLOI  S$ 2  INTEGER.DISTRIBUTED SURFRCE DATA .1v.8.8

.~—S0SL0OI(E1)=E2,E] -
- WHERE ;
E1=LDAD SET I0 NUNBEF ([NTEGER) 5

LE. NOLS .

. LE.

E2=ELEMENT FACE NUMBER fIN WHICH THIS
DISTRIBUTED LBRD IS ACTING
E3=LOGAD TYPE CODE

LEQ. 1. PﬁESLﬁ]BED NORKAL PREZSURE
INTENSITIES
LEQ. 24 HTBHBSTHTICFILLT YARTING
PRESSURE FIELD

.EQ. 0. DEFAULT SET T 1

ELCNF N3 4 FEA.  .SHELL ELEMENT LOAO CARSE MULTIFLIERS

--EEIEQEP:EI +E2. E3.EY

. E1=FRACTION OF PRESSURE LPADS TO BE
. APPLIED IN ELEWENT LAARD CASE
E2=FRACTIM OF PRESSURE LPADS TO BE
APFLIED IN ELEKENT LBA0D CASE B
. ESSFRACTIMN OF PRESSURE LDADS TO BE
. APPLIED IM ELENENT LARD CASE C
c EY=FRACTIGN OF PRESSURE LPADS TA BE
. APFLIED IN ELENENT LOAD CRSE D .
SELCAT NS U PFEAL .SHELL ELEMENT LORO CASE MULTIPLIERS .
'_EE%EET:EI E2, E3.EY .

E1=FARCTION OF THEANAL LOADS TO BE
APPLIEC IN ELENENT LOAD LCASE A
E22FRACTION OF THERNAL LORDS TO EE
APFLIED IN ELENMENT LORD CASE B
E3=FRACTION OF THERKAL LORDS TO EE
EE

¥]

1¥.5.15

..
* » % & w % oaow ecw

APFLIED IN ELENENT LOAD CASE
EY=FRACTIMN OF THERNAL LORDS TO
APPLIED IN ELENENT LOAD CRSE .
SHELL ELEMENT LOAD CASE MULTIFLIER .IV.S.IS
.—-EEEEH}{-EI E2.E3.EN
. AE
. E1=FRACTION OF ¥x-DIRECTCON BFP"."ITY T8 BE.
. APPLIED IN ELENENT LOAD CAS
. E2=FRACTION OF %- DIRECTLON GFFWIT'I’ T BE.
. APPLIED IN ELENENT LOAD C
. E3=FRACTION OF X-OIRECTION EFFWITT TO0 EE.
. APPLIED IN ELENENT LORD CASE C
. EY=FRACTIAN OF ¥-DIRECTION GRAVITY TG BE.
APPLIED IN ELENENT LORD CASE
SELCNT NS UL PEAL  .SHELL ELEMENT LDAOD CASE MULTIPLIER 1¥.8.13
- --SELCHT=E1,E2, E3.EY .
. MHERE .
E1=FAACTION OF Y-DIRECTIAON GAAVITY Ta@ BE.
. APPLIED IN ELERENT LORO CRSE A .
. E2=FRACTIGN QF Y-DIRECTION GRAVITY Td BE.
APPLIED IN ELENENT LOAD CASE B .
E3S=FRACTION QF Y-DIRECTIAN GRAVITY T@ BE.
. APPLIED IN ELENENT LOAD CA3E C .
EY=FRACTION OF Y-DIRECTION GRAVITY T@ BE.
APPLIED IN ELENENT LOAD CASE D .

SELCHY. NS 4 FEAL




KEYWORD RAND NO. TYPE . USAGE
TYPE OF aF |2 e o
ALLACATIAON ENTAY ENTRAY . .

SELCHE NS 4 PFEAL  .SHELL ELEMENT LOAOD CASE MULTIPLIER JIV.2.13
! --EEEEEZ:H +E2,E3,El :

E1=FRACTION OF 2-DIRECTION GRAYITY TO BE.
APPLIED IM ELENENT LARD CASE A
E2<FRACTIAN OF Z-DIRECTION GAAVITY TG BE.
APFLIED IN ELENENT LOAD CASE B
E3=FRACTIM AF 2-DIRECTION GFIWITY T4 BE.
AFPLIED IM ELENENT LOAD CASE
EY=FRACTIAMN OF 2-DIRECTION EFFI"."ITY T8 BE.
APPLIED IN ELENENT LOAD CASI
.SCALE FACTER USED TG ADJUST THE DISPLFICEHENT WVII.24
. |OR ACCELERATIOMN) ORDIMATES IN THE SPECTAUN .

.SCALE FACTAR USED TG ADJUST THE MITL 24
-DISPLACEMENT (AR HCCELEF’RTIHN] BFOINATES
. IN THE SPECTRIM TABLE
«——SFTRS=EN
- ——SFTRS=ENTRY
SHELLYT S8 INTEGEA. SHELL DATA
.-—EHEHE].[EI]:B?.EH-EH-ES-ES
. E1-ELEMENT NUNBER .LE. NSOL21
. E2=NUMBER OF NDOES TO BE USED IN
. DESCRIBING THE ELEMENT 3 DIEFLHCENEHT

FIELD
E3=NUMBER OF NODES T@ BE USED IN THE
DESCRIPTION GF ELEMENT GEMMETRY
EQ’HRTEHIFL IDEMT]F]CRTIGN NUMEER

ES= IDENTIFICRTIGN MUMBER BF THE P'FITEHIFIL
AXIS ORIENTATIGN SET .LE. .
E6=IDENTIFICATIAN NUMBER OF THE STHESS .
OUTPUT SET .LE. NOPSET .
SHELL2 53 &  INTEGER.SHELL DATA JA¥.8.16
---SHELLQ(Ei]-EQ E3.EU.E5.EE.E7.ES.EQ :
HHERE
E1=ELEMENT MUNBER
E2=NBDE NUMBER INCREMENT FORM ELEMENT
DATR GENERAT IOH
E3=INTEGRATION GRDER FOR NATURAL
CODRDINATE [A.5] DIRECTIONS
EU-INTEGRATION GRODER FOR NATURAL
COORDINATE (T) DIRECTIBN
ES‘FLFIG INDICATING THAT THE STIFFMNESS
FIHD MASS MATAICES FOR THIS ELEMENT
E THE SANE RS THOSE FOR THE
PREDEDING ELEMENT
EB=PRESSURE SET FOR ELEMENT LOAD CASE A
E7=PRESSURE SET FOR ELEMENT LOAD CASE B .
ES=PRESSURE SET FOR ELEWENT LOAD CASE C
ES-PRESSURE SET FOGR ELEMENT LOAD CASE D .




KEYWORO AND NO. TYFE . USAGE . REF.
TYPE OF ar F . 2
ALLACATIAN ENTAY ENTRY .

SMAOS S5 3  INTECER.SHELL MATERIAL AXES ORIENTATIDN SET IV.8.B

«——5SMADS (E1) =£2, E3.EY .
. WHERE 2
. E1ZIDENTIFICATION NUMBEF .LE.NORTHO .
] - E2-NADE NUMEER FOR PAINT I
. E3=NADE NIMEER FOR POINT J
. EY=NBDE NLMBER FOR PAINT K
S5GRLS  SS 7  INTEGER. SHELL STRESS QUTPUT REQUEST LBCRATION SETS I¥.8.13

.~—330RL3(E1)=E2,E3, EY,ES, EG,E7, ES
WHERE

E1=3ET NUMBER .LE. NOP3

E2-LACATION NUMBER OF I’_IUTPUT POINT 1

E3=LACATION NUMBER GF QUTPUT POINT 2

EUZLOCATION NUMBER OF DUTPUT POINT 3 .

ES=LOCRTION NUMBER OF OUTPUT POINT 4

ES=LOCATION NUMBER GF QUTFUT PQINT S

E7-LOCATIMN NUMBER OF QUTPUT POINT & .
ES=LACATION NUMBER GF QUTPUT POINT 7 .

SSPEC 35 1 FEAL  .VYALUE OF DISPLACENENT (6F ACCELERATIMM) JVITL 24

.FOR RESPANSE SPECTRUM ANALYSIS

EY-NDDE 3 NUMBER
ES=NBOE 4 NLMBER
; . EB=NBDE 5 NUMBER
3 . E7=NADE £ NUMBER
4 . ES=NPDE 7 NLMBER

ES-NBDE & NUMBER
S177021 S8 S INTEGER.SHELL DATA .I¥.8.17
-—ﬁhg;gm (E1)=E2.ES.E4.ES.ER

E1=ELEWENT NUNBER .LE. WSBL21
E2=NBDE 17 NUNBER
E3=NODE 12 NJUNBER
. EYNODE 19 MUNGER

«==3SPEC(E1)E2 .
. HHERE ¥
. E1=DEFINITION PAINT NUMBER .LE. MNPTS

. E2=ENTRY .

S1708 S5 8  INTECER.SHELL DATA I¥.8.17

.-=-51T03 (E1) £, E3.EY, ES.ER. E7. EB.ED .
. MHERE .
. E1=ELEMENT NUNBER .LE. NSBLZ1 .
. E2=NAOE 1 NUMBER .
. E3=NODE 2 NUMBER .

i g

. ES=NADE 20 MUNBER .
EB=NPDE 21 NUNBER .
. 07016 S5 § INTEGER.SHELL DRTA LJI¥.8.17
v . ~=597 géE:[El]_EE .E3.El.ES.EE.ET.ES. EQ .
. HKHE .
. Eé"ELEHB\IT NJHBER .LE. NSBL21
. E3=NBOE 10 NJHBEH .
- . E4=NADE 11 NUNBER .
: . ES=NADE 12 MUNBER .
. EBZNADE 13 NUNBER .
. E7-NODE 14 NUNBER .
. ES=NBDE 15 NUNBER .
ES=NBDE 16 NUNBER .
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KEYWORD AND ND. TYPE . USAGE REF.
TYPE aF ar & .

ALLACATION ENTAY ENTRY

T MS 1 FEAL  .TINE FUNCTION DEFINITION FOR RESPONSE
HIﬂﬂRTng]‘@LB SIS

£ E1 TIHE FLNC.TIEIH HUKBER (INTEGER)

. Eg:?;FINITICN FPGINT NUMBER .LE. MLF
T3PEC 33 { FEAL .PERIOD (RECIPROCAL OF FREQUENCY) FOR
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APPENDIX B
TIME HISTORY PLOT

: The time history plot package is now an integral part of the SAP IV
i program. Response history analyses of displacements and stresses are

: produced for three element types - beams, thin plates, and thick shell
k| (21 nodes). Analyses of other element types can be obtained but only a
‘ generalized labeling is available.

T T

The plot package has been added to the SAP IV program with minimal
modifications to SAP IV.

The input requirement for time history plot output is identical to ;
the one for the response history analysis output request as given in the
SAP IV manual, and no other input is required. However, the sequence
of output for the time history plot is different from the arrangement of
output for response history analysis output as indicated in the SAP IV i
manual. A maximum of three curves will be plotted within one frame for :
each node or element member. :




APPENDIX C
! MESH PROGRAM

PURPOSE

) Program MESH produces undeflected mesh plots from data on TAPE 8 written
3 by the SAP IV program. Using different input instructions, the entire
element model, one part of the model, or a combination of different parts 3
of the model may be plotted on one frame. Options of labeling all or selected
i nodes and/or elements are available. A unique line pattern represents each
4 type of element--that is, a solid line for a beam element, a series of long
3 dashed T1ines for a thin plate element and a series of short dashed lines for
a thick shell element.

INPUT INSTRUCTIONS

Card one is required for the successful generation of one or more plots.
Two additional cards are required for each plot to be generated.

Card One:

Col. 1-10 Vertical length of a plot in inches. Eight inches
‘ is used, allowing 1 inch for the legend at the
] bottom and a 7-inch square for the graphics. The
positioning and sizing of all character symbols
are fixed.

e

Col. 11-20 Scale factor. This allows the user to reduce or
expand frame size with all proportions of the entire
1?yout kept intact. It is defaulted to 1 if set
blank.

Card Two:

This represents the first input card of each plot to be generated
and is in free format. Keyword parameters available in the 1list below
must be used.

X x-coordinate in cartesian system of viewer position
Y y-coordinate in cartesian system of viewer position
yA z-coordinate in cartesian system of viewer position
A A11 element members
B

Beam element members
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P Plate element members

S Shell element members

AN A1l element members with nodes labeled
BN Beam element members with nodes labeled

PN Plate element members with nodes labeled

\

{ BN Shell element members with nodes labeled
AE A1l element members with element labeled
BE Beam element member with element labeled
DE Plate element members with element labeled
k SE  Shell element members with element labeled
ANE A1l element members with nodes and elements labeled
BNE Beam element members with nodes and element labeled
SNE Shell element member with nodes and element labeled
; The order and position of the keyword parameter is immaterial and is
column independent on card. Each keyword parameter must be followed by
% a pair of parentheses, even though an entry is not required. Keyword
parameter X, Y, and Z require the entry, if any, to be in floating
point format--that is, it must have a decimal point. Entries for
other parameters are to be in fixed point format or integer. Except for
parameters X, Y, and Z, multiple entries are allowed and must be separated
by a comma with no blank imbedded. The user can generate entries auto-
matically between two given entries that are separated by one blank
character. Samples are given below.
Card Three:
1 This represents the second input card of each plot and is used for =
3 repositioning of the plot pen for next plot or at the end of the plotting
: series.
Col. 1-10 +X - direction in inches

Col. 11-20 +Y - direction in inches
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Sample 1

Graph size (vertical length) is 8 inches. Three plots are to be
generated with the following input data. The first plot has all elements
plotted with the viewer position at (1, 0,0) in cartesian space. The
second plot uses a viewer position of (1, 1, 1) with all elements plotted
and beam elements No. 1, 3, and 5 through 10 with nodes labeled. The
third plot has the same viewer position as the second plot. In the third
plot, beam elements 1 through 10 have nodes labeled, beam elements 8 through
15 have elements labeled, beam elements 16 through 20 have both nodes and =
elements labeled, and shell elements 1 through 10 have nodes labeled.
Card 1 8. 11
Card 2 X(1.) A()
Card 3
Card 4 X(1.) Y(1.) z(1.) A( ) BN(1,3,5K10)
5
6

710,11 180.23

Card 5 0., (8,

Card X(1.) Y(1.) z(1.) BN(1p10) BE(8p15) BNE(1620) SN(110)
Card 7 5;10.;; 180.2,
Card 8 7-8-9

Sample 2

Graph size (vertical length) is again 8 inches, but expanded by a
factor of 2. A plot has all elements generated with nodes and elements
labeled. Viewer position is (1, 1, 1) in cartesian space.

Card 1 38.11 132.21

Card 2 X(1.) Y(1.) Z(1.) ANE( )

Card 3 ;10.,,

Card 4 7-8-9
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APPENDIX D
CONTROL CARD SAMPLES

CREATE UPDATE FILE FOR FREE FORMAT INPUT PROGRAM,
SAP IV WITH TIME HISTORY PLOT PACKAGE, OR MESH
PROGRAM, AND SAVE ON PERMANENT FILE.

JOB CARD with account number 9
REQUEST (NEWPL,*PF) 3
UPDATE (F,N)

CATALOG (NEWPL, FFIPNEWPL, ID=)

(OR CATALOG, NEWPL, SAPATHNEWPL, ID= .)

(OR CATALOG, NEWPL, MESHNEWPL,ID= My
7-8-9
*DECK FFIP

(OR *DECK SAPATH)

(OR *DECK MESH)

-FORTRAN SOURCE PROGRAM
6-7-8-9

COMPILE, CREATE BINARY OBJECT, AND SAVE ON
PERMANENT FILE.

JOB CARD with account number
ATTACH (OLDPL, FFIPNEWPL,ID=

(OR ATTACH, OLDPL, SAPATHNEWPL,ID= .)
(OR ATTACH, OLDPL, MESHNEWPL,ID= .)
UPDATE (F)
REQUEST (LGO,*PF)
FTN,A,I=COMPILE.
CATALOG,LGO,FFIPLGO,ID =
(OR CATALOG, LGO, SAP4THLGO, ID= .)
7-8-9
UPDATE DIRECTIVE
6-7-8-9

EXECUTE FREE FORMAT INPUT PROGRAM, SAP IV WITH DATA
MODEX=1, AND MESH PROGRAM.

JOB CARD WITH ACCOUNT NUMBER

ATTACH FFIP,FFIPLGO,ID=

LDSET ,PRESET=ZERO

FFIP.

RETURN,FFIP. ; ”
REWIND (TAPE1) &
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ATTACH, PLOT, PLOTLIBRARY, ID=CA.
ATTACH,SAP4, SAP4THLGO,ID .
LDSET, PRESET=ZERO, LIB=PLOT
SAPA4(TAPE1)
RETURN,TAPE1,SAP4
REWIND(TAPES8)
ATTACH,MESH ,MESHLGO, ID=
LDSET,PRESET=ZERO,LIB=PLOT
MESH.
RETURN,MESH, TAPES.
REWIND,TAPET.
ATTACH,CONVLGO,ID=CA.
CONVLGO.
ROUTE ,TAPE2 ,DC=PR,FC=PL ,EL=A6 ,IC=ASCII.
7-8-9

FFIP INPUT DATA
7-8-9

MESH INPUT DATA
6-7-8-9
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